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I. INTRODUCTION 
Alluvium is the parent material for about one-third to 
one-fourth of the soils of Iowa. Soils with alluvium parent 
material have world wide distribution and are of considerable 
agricultural importance. Despite the prominence and extent of 
alluvium-derived soils, few studies have been made of the gen­
etic trends in their profile development. Consequently, the 
classification of many of these soils is in doubt. 
A fundamental problem in the evaluation of the genesis of 
many alluvium-formed soils is that of assigning genetic hori­
zons in the profile descriptions of these soils. This problem 
in part is related to assumed youthfulness of most alluvium-
formed soils, and that most soil profiles in alluvium have 
been adjudged to be essentially unchanged since the materials 
were deposited. Part of the problem is a heritage of his­
torical concepts as drift soils, residual soils and the like, 
and a reluctance to break with the past concepts. 
Prior emphasis to the study of soils of uplands, un­
doubtedly was Justified in earlier decades. However, from 
recent corollary geomorphic and soils studies it seems that in 
a given landscape, soils from upland sites and soils from 
alluvial sites should be studied in their relationship to each 
other. 
To effectively relate soils of upland and alluvial sites 
a number of fundamental problems in the genesis and classifi-
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fieation of alluvium-formed soils need clarification and solu­
tion. Some of these have been referred to above. Other prob­
lems Include a better understanding of the character of allu­
vium in different parts of the alluvial environment and its 
effect on the soils formed. 
The present study is an endeavor to learn more about the 
morphology and genesis of soils of an alluvial environment. 
The area selected for study is the Willow River Valley located 
in western Iowa. It was selected because considerable infor­
mation is available in the general area on geomorphic sur­
faces, their age and relationship to soils, and because highly 
detailed information of the alluvial fills was available to 
the writer (17). 
More specifically, the objectives of the study are: 
1. To characterize the soils in representative portions 
of the Willow River Valley, to investigate the nature 
and degree of genetic development exhibited by rep­
resentative profiles of the soils, and to determine 
their distribution on the alluvial land forms of the 
valley. 
2. To distinguish depositlonal features or land forms 
and associated environments in the valley, to deter­
mine their distribution in representative portions 
of the valley, and to study their evolution. 
3. To determine the relationship of the alluvial 
3 
features to the characteristics, genesis, and 
distribution of soils in areas studied. 
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II. GENERAL DISCUSSION AND LITERATURE REVIEW 
A. Problems of Classification 
1. Recent shifts in higher category classification 
The classification of many alluvium-formed soils"*" into 
higher categories is not generally agreed upon at the present 
time. Recent trends in Iowa and adjacent states indicate a. 
shift toward classifying many of these soils into great soil 
groups of the zonal or intra-zonal orders (-3). Formerly, 
almost all soils of bottomlands were classed with the Alluvial 
great soil group in the azonal order. Illustration of the 
degree of this major shift in classification may be found in 
a recent soil survey of Monona County in which about 18 per 
cent of the area was classified in the Alluvial great soil 
group (65). According to 1938 usage, this great soil group, 
probably would have included about 60 per cent of the county 
area (43). 
Alternate classifications for the same soil series have 
appeared in recent soil survey reports. Aandahl and Simon-
son (2) classed the Wabash and Judson soil series of Tama 
^The term alluvium-formed soils is used here as a gen­
eral term for soils with alluvial parent material. This dis­
tinction is necessary because the term "alluvial soils" has 
often been used in this sense in the literature, but the term 
"Alluvial soils " is the name for a formal great soil group 
category in the American system of soil classification. 
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County, Iowa in the Alluvial great soil group. But Jury et 
al. (26), in a recently completed soil survey of Shelby 
County, Iowa classified the Judson and Kennebec soils with 
Brunizems, and Scholtes et al. (47) placed the Wabash series 
in the Wiesenboden great group. 
Shrader et al. (49), in a survey of Holt County in north­
west Missouri, classed the Napier series with the Prairie 
great group and the Wabash series with the Wiesenboden great 
group. On the other hand, Beesly et al. (4), in Otoe Courity, 
Nebraska, placed the Wabash and Judson series in the Alluvial 
great group. 
White et, al. (65), in a recently published soil survey 
report of Monona County - including a portion of the Willow 
River Valley studied here - classed the Napier and Kennebec 
series as Brunizems and the Colo series as Wiesenboden soils. 
However, the authors stated that the Napier and Kennebec 
series grade toward the Alluvial great group. 
In the reports cited above, there is general agreement 
for classifying the Nodaway and McPaul soils, forming in 
light-colored modern sediment, * as Alluvial soils. 
^-Light-colored recent sediments are present as surficial 
deposits in many of the stream valleys and waterways of Iowa 
and adjacent states. These sediments are considered to have 
been deposited in post-settlement time and to represent mate­
rial eroded from the hill slopes by accelerated erosion since 
cultivation began. The author concurs with this conclusion. 
These deposits are variably referred to as post- (continued) 
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Poetsch (41) made a detailed laboratory and morphological 
study of a group of profiles developed from slope wash or 
local alluvium in Adair County, Iowa. He concluded that these 
soils have more characteristics in common with the Brunizem 
and Wiesenboden soils of the uplands than with the Alluvial 
great group. 
McCracken (36) carried out a philosophic review of the 
American system of soil classification as applied to the soils 
of Polk County, Iowa. He proposed classifying the Colo series 
as either a Wiesenboden-Alluvial intergrade or as an Alluvial-
Wiesenboden Intergrade. The Gravity soils were classed as 
Brunizem-Wiesenboden intergrades and the Terrill series, gen­
erally similar to the Napier series, as Brunizem-Alluvial 
intergrades. 
2. Genetic horizon designation 
It has been previously mentioned that the designation of 
genetic horizons is a fundamental problem that needs study if 
appropriate and uniform classification of alluvium-formed soils 
is to be achieved. 
McCracken (36) indicated a low degree of horizon expres-
(Footnote continued from previous page) cultural sediments, 
overwash, modern sediments, recent deposits, or contemporary 
sediments. The terms modern sediments and overwash will be 
used in this study. 
? 
sion, with the exception of medium to high A^ development 
(organic matter accumulation), for each of the classes re­
ferred to above. White et_ al. (65) indicated only weak or 
transitional B horizons in profile descriptions of the Napier 
and Kennebec series. They did not discuss criteria used for 
the designation of B horizons in these soils. 
Aandahl and Simonson ( 2) considered the profile proper­
ties of the dark colored alluvium-formed soils to be "essen­
tially those of the parent material11. Scholtes et_ al. (47), 
on the other hand, described genetic horizons, including B 
horizons, in descriptions of the same or similar series. 
Poetsch (41) concluded that the profiles he studied could 
be best classified with the Brunizem and Wiesenboden groups, 
although the most definite criterion that could be defined for 
B horizons in these soils was a modest structural development. 
Currently, it seems most of the dark colored alluvium-
formed soils series in Iowa and adjacent states are being 
classed as Wiesenboden and Brunizem soils. However, definite 
criteria for B horizons are lacking in most profile descrip­
tions of these soils. The field designation of horizons, of 
course, is considered prima facie evidence in the absence of 
more definite statements. 
The history of the concept of a B horizon in soils has 
been reviewed by Daniels (12). This review showed that con­
siderable confusion has been Involved in the use of B hori­
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zons• A few pedolegists have used B horizons as a designation 
for the layer occurring between the A and the C horizons. 
However, most definitions of B horizons have centered around 
the concept of the B horizon as a genetic zone of accumulation 
(illuviation) of products of soil formation. The long-stand­
ing concept in the United States has been essentially as de­
fined in Soils and Men (62, p. 1169), which is as follows: 
A usually deeper colored horizon often represent­
ing the zone of maximum illuviation where podzollzed 
or soIodized. Often transitional to C, with defi­
nite structure, but not indurated (hardened). 
The 1951 Soil Survey Manual (63, p. 179) gave structure 
as one primary criterion for a B horizon, but with proliflca-
tion as follows: 
B horizon - A master horizon of altered material 
characterized by 1, (accumulation) or 2 - more 
or less blocky or prismatic structure together 
with other characteristics, such as stronger 
colors, unlike those of the A or the underlying 
horizons of nearly unchanged material or, 3 -
(both of the above).1 
3. Problems of series definition and cartography 
McCracken (36) has pointed out the difficulties inherent 
in defining soil series and mapping them as distinct carto­
graphic units in alluvial areas of relatively recent age. The 
problem has a number of aspects peculiar to many alluvium-
formed soils. These soils are relatively young or immature 
^Within parenthesis are summaries by the author • 
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and usually show a minimum of differentiation by soil-forming 
processes. Texture (particle size), color and natural drain­
age (as indicated by color), are the chief criteria for series 
separations. Where color and natural drainage are similar, 
the series are separated mainly on the basis of texture, which 
is a variable of the alluvium parent material. Since the tex­
ture of alluvial deposits ordinarily varies both laterally and 
vertically, it is difficult to define the range of the soils 
series and map them consistently, especially as the reasons 
for the variability are often obscure. 
The determination of the natural drainage status of many 
alluvium-formed soils is also somewhat of a problem because 
organic matter is commonly present in some amount in the sub­
soils and this tends to obscure the soil colors which are in­
dicative of the natural drainage. 
In most alluvial areas, the lack of easily discernible 
relief makes the cartographic problem of delineating soil 
areas difficult in comparison to most upland areas where to­
pography provides a guide in the delineation of soil units. 
The lack of agreement on the classification, and criteria 
for classification, of alluvium-formed soils may be due to 
any, or all, of the factors mentioned above. Another factor, 
which may be of prime importance in explaining some of the 
disagreement in classification, is the geographic range over 
which a series is mapped. In the case of upland soil series, 
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the general narrowing of the range of characteristics allow­
able within a series (36) has usually had the effect of limit­
ing the geographic range in which the series is mapped. A 
similar limitation has not yet occurred to any extent with the 
alluvium-formed soils. Soils such as the Colo, Kennebec, and 
Zook series are mapped in regions of widely differing climate, 
upland vegetation, and such diverse sediment sources as loess, 
glacial till, and bed rock. There may be significant differ­
ences in any or all of the soil-forming factors, including 
age, over such a wide mapping range. Physiographic differ­
ences in such dissimilar regions may have resulted in age dif­
ferences of alluvium-formed soils which have gone unrecog­
nized. 
It is beyond the scope of this study to investigate the 
aspect of the geographic range, although the present study 
should provide a frame of reference from which one could pro­
ceed toward solution of this larger problem of the geographic 
range of alluvium-formed soil series. 
B. General Alluvial Land Form - Soil Relationships 
The relationships between position in the flood plain and 
soil pattern have been recognized in a general way in the 
flood plains of major rivers such as the Missouri. 
White et al. (65) have pointed out that there is a gen­
eral relationship between kinds of alluvial sediments and 
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soils formed in the sediments of the Missouri River bottom­
lands in Monona County, Iowa. In an area designated as Soil 
Association 1, there occur "recent alluvial light-colored 
soils of the Missouri River flood plain". This association 
encompasses approximately the half of the valley nearest the 
channel of the river. The soils of this association are low 
in organic matter and are highly variable in texture, with 
many sandy areas. In the area designated as Soil Association 
2, there occur "principally dark-colored soils of the Missouri 
River flood plain". This group of soils is found in the 
central and eastern parts of the flood plain. They are high 
in organic matter and are formed from predominantly fine tex­
tured sediments . 
Shrader et al. (49) reported the presence of an extensive 
swamp in the Missouri River bottoms of Holt County, Missouri. 
The soils in the marsh area are dark-colored, fine textured, 
and have very poor natural drainage. The area occupies a 
basin-like low in the flood plain which is well back from the 
river and extends close to the valley wall. The native vege­
tation of this low area was reported to be swamp grass and 
sedges, while the rest of the bottom was forested. 
Aandahl and Simonson (2) reported that the Sawmill se­
ries, which are poorly-drained and moderately fine textured 
soils, occur in slight depressions in the flood plains. A 
swamp grass vegetation was reported to be characteristic of 
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these soils. The land form position of these low areas in 
the flood plain was not discussed. 
Pearson and Cline (39) discuss a regular relationship 
that exists between soil profile characteristics and position 
in the first bottoms of larger streams in an area of New York 
State. They discuss the soil variations in terms of a "drain­
age catena" of soils occurring in regular sequence from a 
well-drained alluvial soil located on the natural levee of 
the stream, through moderately well-drained and imperfectly-
drained Alluvial series, to poorly-drained low Humic-Gley and 
very poorly-drained Humic-Gley soils in lower positions near 
the uplands. The authors relate the variations in profile 
characteristics mainly to relative height of the water table 
at the different positions, and partially to variations in 
Internal drainage due to textural differences• The most 
coarse textured sediments were said to occur in the natural 
levee positions and the finer sediments in lower positions 
next to the uplands. Though these authors used the term 
"drainage catena", it seems a questionable designation as both 
parent material and drainage were soil-forming variables. 
It should be pointed out that many alluvium-formed soil 
series descriptions carry some connotation of position in the 
alluvial landscape. This is particularly true of the Napier 
series - with which this study deals in part - and several 
other soils of similar occurrence, such as the Judson, Olmitz, 
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Gravity, and Terrill series. These soils are mapped exclu­
sively on alluvial fans and positions of local slope wash 
accumulation,"*" ordinarily with slope gradients of 2 per cent 
or greater. 
1. River valley alluvial land forms 
The soil studies reported in the preceding sections have 
shown some recognition of a relationship between soil char­
acteristics and position in alluvial areas. Few attempts have 
been made to explain variations between alluvium-formed soils 
in relation to the formation and character of the deposits 
which make up the alluvial area. 
A detailed soils study of a small river system in Holland 
(56) has demonstrated a specific association of soils with 
genetic alluvial land forms. The soils were found to be 
coarser textured, better drained, and higher in lime content 
on natural levees of the stream. These properties were found 
•^The deposits on which these soils occur have often been 
referred to as being colluvial-alluvial in origin in order to 
distinguish them from alluvial deposits of the flood plains. 
The use of this term implies that the material in the deposit 
has moved down-slope under the direct force of gravity to a 
significant degree. The author does not believe the use of 
the term colluvium for these deposits is desirable in the 
area of this study for the following reasons: (l) there is 
almost no material coarser than silt in these deposits, 
particles this fine would not roll down-slope, (2) slope 
gradients greater than 35 per cent are uncommon in the area, 
and (3) the region has a moderate amount of rainfall, suffi­
cient to provide adequate runoff to erode and emplace the 
deposits in question. 
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to grade in a regular manner away from the stream to back 
swamp areas in lower positions. It was concluded from this 
study that the flood plain of this stream was comparable, from 
a soils basis, with flood plains of large rivers. 
Twenliofel (60) has classed terrestial fluvial environ­
ments into two types, the piedmont environment and the valley-
flat environment. The piedmont^ environment includes the 
headwaters and portions of streams where steep gradients of 
water courses pass into the gentler gradients of the valley-
flat environment. The physiographic alluvial deposits of this 
environment are essentially local slope wash and alluvial 
fans. The valley-flat environment includes the flood plain 
and the stream channel. 
Howard and Spock (22), in discussing the classification 
of land forms, concluded that a genetic classification was the 
most meaningful. They differentiated the following fluvial 
genetic land forms : alluvial fans or cones, flood plains and 
scrolls-including levees, and river bars. 
Wolman and Leopold (68) cite general recognition in the 
literature of two fundamental types of deposits which make 
up a flood plain: the point bar and the over bank deposits. 
These deposits are referred to as deposits of lateral and of 
3-Use of piedmont has ordinarily been restricted to 
mountain areas (Glossary of geology and related sciences. 
American Geological Institute. NAS-NRC publication 501.) 
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vertical accretion, respectively. These authors concluded 
that over bank deposits form a relatively minor portion of the 
flood plain fill. 
Happ (20), in what was called a geological classifica­
tion of alluvial soils, identified the following as genetic 
types of vertical accretion deposits: natural levees, back 
swamp deposits, ridge and swale bars, filled channels, and 
distributary splays. 
Butler (8a) carried out an extensive study of relict as 
well as the present stream regimes of the Riverine Plain 
region in Australia. He concluded that river deposits com­
pose a deposltlonal system which has a characteristic pattern 
of variation transverse to the direction of stream flow. The 
pattern of variation is essentially as follows: clay content 
is lowest in the stream bed and increases at a decreasing 
rate going toward the far flood plain. Sand content varies 
inversely with the clay content. Lime content reaches a max­
imum in the region of the natural levee and drops off rapidly 
In the near flood plain. Calcareousness was found to be sig­
nificant only in the medium-textured sediments. The soils 
developed on these systems show a regular variation in mor­
phology which is mainly a reflection of the drainage differ­
ences with position. 
Happ et_ al. (21) made a comprehensive study of the modern 
sediments present in two small stream valleys of Mississippi 
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state. They Identified four main genetic types of modern 
deposits: channel-fill deposits, vertical accretion de­
posits - including naturel levees and swamp deposits, flood 
plain splays, and colluvial deposits. Lateral accretion 
deposits were found to be of minor importance among the modern 
sediments. However, the authors noted the presence of a 
coarse textured layer at a nearly uniform depth beneath the 
buried soil surface. They suggested that this might be indic­
ative of lateral shifting of the channel under pre-modern 
conditions. 
An exhaustive study of the alluvial valley of the lower 
Mississippi River and its tributaries has been reported by 
Fisk (18). The major features found to be associated with 
the present stream system were: 
1. Alluvial ridge deposits - essentially the meander 
belt of the river, composed mainly of point bar end 
natural levee deposits. This feature often has 
elevations of from 15 to 25 feet above the adjacent 
flood plain. 
2. Back swamp deposits - occupying basins in the flood 
plain back from the alluvial ridge and composed of 
fine textured vertical accretion deposits. 
3. Alluvial fans - formed near the valley walls by 
streams with steeper gradients entering the flood 
plain. These fans have often coalesced to form 
17 
alluvial aprons. 
The foregoing review illustrates that similarities often 
exist in the types of environments and alluvial land forms 
found in river valleys of greatly varying size and geographic 
location. 
The land forms differentiated in the present study show 
a general genetic similarity to the classical illustrations 
and many of the specific examples mentioned above, but differ 
much in detail and degree of expression. 
Deposition in river valleys, large or small, can be ex­
pected to show certain similarities due to the physics of 
sedimentation. The diversity of physiographic factors which 
vary widely between watersheds, the geological history of a 
valley, and numerous other factors greatly modify the sedi­
mentation pattern in individual river valleys. Still, funda­
mental similarities in the formation of deposltlonal features 
often appear to occur in many alluvial areas. 
Because of the wide occurrence of the basic lane, form 
types noted above, It is considered that the rather generaliz­
ed land form nomenclature used in this study is the most work­
able and reliable that can be used under the present physio­
graphic conditions of the Willow River Valley. 
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C. Age Relationships of Alluvium-Formed Soils 
Time as a factor of soil formation of alluvium-formed 
soils needs to be given a more quantitative form. Generally, 
the soils in alluvial areas of Iowa have been considered to be 
1 
very young, or immature in the pedogenetic sense. The rela­
tive lack of time is assumed to be the main reason why the 
soils of most alluvial areas have weak horizon development as 
compared to associated upland soils. 
The stage of soil formation is often differentiated from 
absolute or chronological age in connection with soil develop­
ment. Essentially the thought is that under different cli­
mates, or relief, or particular combinations of soil-forming 
factors, differing degrees of soil development take place 
within the same time. 
In the case of alluvium-derived soils, one must give 
consideration to the fact that periodic deposition of new 
sediments may have important effects on soil genesis. Niki-
foroff (38) has suggested that basic differences in soil 
genesis exist between soils on stable upland positions and 
soils which are developing in alluvial positions where con­
tinued accumulation of parent material occurs. Though his 
discussion was mainly philosphical, elaboration of this con­
cept would seem to be pertinent in soil genesis. Studies by 
Button (23) once were interpreted as evidence for the effect 
of time on rate of soil development. He suggested that major 
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difference in degree of soil development of loess-derived 
soils of a single loess deposit was probably due to differ­
ential rate of deposition over time in different parts of the 
loess deposit. Some of his assumptions, namely that contin­
uous but differential rates of loess deposition over the whole 
of the deposit occurred over a comparatively long time period 
may not be valid, however. Button did not indicate that he 
had any problem in using standard genetic soil horizon nomen­
clature in the soils studied. 
Poetsch (41), in a study of some alluvium-derived soils, 
indicated use of standard horizon nomenclature had limitations 
in evaluating genesis in these soils. 
McClelland et^ al. (35) concluded that soils such as the 
Haynie and Albaton in Monona County, Iowa, were developing in 
sediments only a few years to a few hundred years old, while 
the dark-colored soils of Soil Association Area 2 were said 
to be much older. No data were presented In support of these 
age implications other than inferences from soil profile char­
acteristics and location in the Missouri Valley. 
Investigations by Ruhe (44) in southwestern Iowa have 
demonstrated that studies of landscape evolution can furnish 
valuable information as to the age of soils in different land­
scape positions. Where available, radiocarbon samples can 
supply additional evidence to aid in determining the maximum 
age of sediments and thus, of the soils developed from them. 
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Daniels (12) has reported a maximum age of approximately 
6,800 years for alluvial fills in southwestern Iowa in a 
landscape quite similar to that of the Willow Valley water­
shed. 
Radiocarbon samples from the fill in the Willow River 
Valley and its Thompson Creek tributary, reported In detail 
elsewhere (17), are also invaluable in further clarifying the 
problem of age of the parent materials in the study area. 
Some of these data have been made available for use in this 
study. The evidence of these dates and the alluvial bed rela­
tionships in the study areas indicate a maximum age for the 
soils of this study of less than 1800 years. These relation­
ships will be discussed further in a later section. 
As pointed out in the Introduction, only a few investiga­
tions on genesis of alluvium-formed soils have been conducted. 
It has been pointed out, too, that though some changes have 
been made in recent years in the higher category classifica­
tion of some alluvium-formed soils, most of these changes have 
been made without proper understanding and definition of cri­
teria used. It would appear that more fundamental Investiga­
tions are needed to clarify the effect of cumulative additions 
of parent material on soil genesis. 
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III. METHODS AND PROCEDURES 
The Investigation included both field and laboratory 
studies. The procedures and methods followed in each of these 
phases are described below. 
A. Field Procedures 
The field studies Included both soil and geomorphic in­
vestigations of the Willow River Valley. 
Soil investigations in selected areas included establish­
ing a local descriptive soils legend, mapping of the soils, 
making detailed morphological descriptions of selected pro­
files, end sampling these profiles for laboratory study. 
Geomorphic investigations included characterization and 
mapping of the surficial deposits, and of the alluvial 
features or land forms in each of the separate study areas. 
Topographic surveys were made of selected portions and fea­
tures of the study areas. The character and distribution of 
the alluvial beds were determined by study of exposed sections 
ahd deep borings along selected traverses. 
1• Selection of study areas 
A preliminary reconnaissance of the Willow River Valley 
was made in order to determine the number and location of 
detailed study areas to be selected. Four inches to the mile 
aerial photographs were studied in conjunction with the 
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reconnaissance survey to aid in selection of areas. Observa­
tions of the soils and surficial deposits were made at a large 
number of locations and particle size analyses of a number of 
samples were made to gain insight into the range of variability 
to be expected. 
In addition to the information gained from the above, the 
following criteria were considered in selection of the study 
areas : 
1. The over-all extent and configuration of the Willow 
River Valley and watershed. 
2. The occurrence of physiographic features as major 
tributaries, minor side-valley waterways, alluvial 
fans, terraces, and the abandoned natural channel 
of the Willow River. 
3. The location of cultural features as roads, farm 
buildings, fences, and ditches. 
4. The proximity to the Thompson Creek and Magnolia 
watersheds was considered in selection of Areas 2 
and 1, respectively, because of information avail­
able from current investigations in these watersheds 
(16) . 
2. Methods utilized in the soils Investigations 
Observations to a depth of 54 inches were made by use of 
a one-inch soil probe at closely spaced intervals in portions 
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of each of the study areas. A brief description of the mor­
phology and reaction of each boring was recorded and its loca­
tion was marked on an aerial photograph. As the range of 
characteristics became apparent, the observations were grouped 
into units and a descriptive soil legend was established. 
Mapping of the study areas was then completed according to 
standard soil survey procedure. However, observations were 
continued at close intervals and the locations and character­
istics of each observation were noted as before. 
Although soil series have been established for most of 
the soils found in this study, their use was avoided during 
the mapping. It was thought that use of the established 
series might obscure information of value to this study be­
cause of the "lumping" required by the range of character­
istics allowed in these series. 
Subsequent to establishing the soils legend, representa­
tive profile sites were selected using the information obtain­
ed by mapping of the soils. Pits were dug at each site from 
which the profiles were sampled and morphological descriptions 
were written. Samples from below 65 inches were obtained with 
a bucket auger. A total of 18 profiles were collected from 
the five study areas. 
3. Methods used for obtaining geomorphic information 
The detailed information obtained during the mapping of 
the soils was utilized for study of the surficial deposits of 
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the areas and to determine the character and configuration 
of the pre-modern surface of the valley floor. The texture 
and drainage characteristics recorded for the pre-modern 
surficial sediments, together with the features and relief 
observable in the field and on the aerial photographs, were 
utilized for defining and determining the distribution of 
alluvial land forms, or features, within the study areas. 
Topographic surveys were made of portions of the study areas » 
These measurements were used to determine the configuration 
of the pre-modern surface and relative elevations of the vari­
ous features of the alluvial areas. 
Scale drawings and descriptions were made at vertical 
exposures of cross sections of various features to determine 
the character and distribution, laterally and vertically, of 
beds within the alluvial fill. Deep boring traverses were made 
with an extension hand probe to study the alluvial fill in 
selected areas where sections were not exposed. True eleva­
tions above sea level were obtained for traverses and topo­
graphic surveys by reference to control points made available 
from other studies (16). 
Where feasible, the soil profiles were sampled along 
traverses across alluvial features so that the laboratory 
Information would be of use also in the geomorphic study as 
well as in the soils investigations. Other profiles were from 
definite positions on land forms so the information obtained 
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would similar!ly serve a dual purpose. 
4. Terminology 
The designation of the various alluvial beds in the fill 
of the Willow Valley follows that established from other 
studies for the alluvial fill of the Thompson Creek tributary 
and the Willow Valley (17). The profile descriptions of the 
soils follow terminology suggested by the Soil Survey Manual 
(63). Munsell notations are used for designating colors. 
Horizon designations of buried soils are after those suggested 
by Ruhe and Daniels (45). 
The terminology used in describing alluvial land forms 
or surface features is essentially that reported by Thornbury 
(57) . 
B. Laboratory Procedures 
The samples collected in the field studies were air dried 
and subdivided into two parts. Bulk reference samples were 
placed in glass jars and stored. The remainder was crushed 
to pass a 2 mm. sieve and a portion stored in glass pint jars. 
Additional small samples of each horizon were taken in the 
field and placed in moisture-proof bags. These samples were 
analyzed by the Iowa State University Soils Testing Laboratory 
for pH, available nitrogen, exchangeable potassium and ex-
tractable phosphorous (19). 
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The particle size distribution, pH, total carbon and 
total nitrogen, were determined for all profiles. In addi­
tion , total exchangeable cations were determined for 12 of 
the profiles and free iron oxide content was determined for 
all but one profile. Particle size analyses were also made 
for approximately 60 additional samples collected from various 
sites in the Willow River Valley. 
The particle size analysis, total carbon and total nitro­
gen were determined from oven-dry samples. The pH, total ex­
changeable cations and percentage free iron oxide were calcu­
lated on an air-dry basis. The procedures follows in making 
the laboratory determinations are described below. 
1. Particle size analysis 
The pipette method (30) with slight modifications (31), 
was used for particle size analysis. Hydrogen peroxide was 
used to destroy organic matter. Sodium hexametaphosphate was 
used as a dispersing agent. 
The peroxide treated samples were shaken with distilled 
water and dispersing agent on an end-over-end shaker for 24 
hours. The dispersed samples were brought to volume, shaken 
for one minute, and allowed to settle at constant temperature. 
Aliquots containing particles less than 20 microns, and less 
than 2 microns were withdrawn from a 10 centimeter depth at 
the proper time intervals indicated by Tanner and Jackson 
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(55). Particles greater than 50 microns were separated by 
décantation. Duplicate determinations of all profile samples 
were made in separate sets on different days to check on 
accuracy. 
Some additional samples taken for a sedimentation study 
were analyzed in a similar manner, but the following size 
fractions were determined: 
Below 2 micron - clay 
2 to 4 micron - very fine silt 
4 to 8 micron - fine silt 
8 to 16 micron - medium silt 
16 to 31 micron - coarse silt 
31 to 62 micron - very coarse silt 
Greater than 62 micron - sand 
The 31 to 62 micron, very coarse silt fractions, were 
determined by difference. The sand was separated by wet 
sieving. 
These size fractions are essentially the same as the 
Wentworth Grade Scale given by Twenhofel and Tyler (61). This 
grade scale is adaptable to a statistical analysis of the 
particle size distribution of sediments as discussed by 
Krumbein and PettiJohn (32). 
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2. Exchangeable cations 
Exchangeable bases were extracted by leaching 10 gram 
samples with 250 ml. of neutral, normal ammonium acetate solu­
tion as outlined by Peech et al. (40). Total exchangeable 
bases were determined by the method described by Black (5). 
Exchangeable hydrogen was determined by leaching 10 gram 
samples with 250 ml. of neutral, normal barium acetate. 
Phenonthraline was used as an indicator for titration with 
standard sodium hydroxide to determine the acidity of the 
leachate. 
3. Soil reaction 
The pH was determined by use of a glass electrode, bat­
tery powered Model G Beckman pH meter. A calibrated scoop 
was used to measure approximately 25 grams of soil into a 
beaker. An equal volume of distilled water was added to form 
a 1:1 soil-water mixture. The samples were stirred for one 
minute, allowed to stand for 30 minutes, and restirred for one 
minute, after which the electrodes were immediately placed in 
contact with the suspension and the pH was measured. 
4. Free iron oxide 
Subsamples were ground so that all material would pass 
a 40-mesh sieve. Free iron oxides were extracted from 4-gram 
samples by shaking in a suspension with 4 grams of sodium 
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hydrosulfite. The iron in solution was determined volumetri-
cally by titration using potassium dichromate as an indicator. 
Results are reported as per cent iron oxide. This is the 
method developed by V. J. Kilmer at Beltsville, Maryland, and 
modified by the Soil Survey Investigations Laboratory, Lincoln, 
Nebraska. (29). 
5. Calcium carbonate equivalent 
Calcium carbonate equivalent was determined by heating 
a weighed sample in 2 5 ml. of 0.5 normal hydrochloric acid 
until reaction was completed and titrating with 0.5 normal 
sodium hydroxide using phenonthraline as an indicator. Re­
sults are reported as per cent calcium carbonate-
6. Total organic carbon 
A gravimetric dry combustion procedure (5) was used for 
the determination of total carbon. A few of the samples con­
tained carbonates. The carbon content of these samples was 
adjusted by subtracting the amount indicated to be in car­
bonate form by the determination of carbonate equivalent. 
7. Total nitrogen 
Total nitrogen was estimated by a semi-micro method"*" 
•4). T. Parker, Ames, Iowa • Information on total nitrogen 
estimation. Private communication. 1959. 
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using a 1-gram sample of soil (ground to pass 1-mm. sieve). 
The 1-gram sample was placed in a semi-micro, 100 ml• Kjeldahl 
flask and 5 ml. concentrated sulfuric acid were added with 
1 gram of a catalyst composed of KgSQ^, CuSO^, and HgO. 
Digestion was carried on for 3 hours, or until the mixture 
decolorized, and then for an additional 20-30 minutes to en­
sure the conversion of all the nitrogen to ammonium sulphate• 
After cooling, 10-15 mis. of distilled water were added. 
The flask was placed on distillation apparatus and satu­
rated sodium hydroxide containing some sodium bisulfite was 
added to the contents of the flask. This was followed by dis­
tillation with steam for 6 minutes into 25 ml• of boric acid 
solution with a 2 per cent mixture of 0.099 gram bromcresol 
green and 0.066 gram of methyl red in 100 mis. of 95 per cent 
ethyl alcohol. The ammonia collected was titrated with 
approximately 0.1N sulfuric acid. Results are reported as 
per cent total nitrogen. 
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IV. FIELD INVESTIGATIONS 
The field Investigations of selected press included: 
1) a study of the morphology of the soils and mapping their 
distribution, and ?.) mapping the various alluvial land forms 
and study of the alluvial sediments. 
From preliminary studies it was apparent that there is 
a close relationship between morphological characteristics of 
soils derived from recent alluvium, and the characteristics 
of the sediments in which the soils are forming. For example, 
texture is a property of the soils and is a primary differ­
entia in their classification at the series level. However, 
the texture Is a characteristic of the sediment and its vari­
ability is due primarily to factors of sedimentation effective 
during formation of the deposit. Subsoil color is a useful 
indicator of the natural drainage under which the soil has 
formed. The same color measurements serve as the best avail­
able estimate of the environment under which sedimentation 
has occurred, especially as the natural drainage environments 
have been changed to a considerable extent since settlement, 
in the study areas. A genetic alluvial land form classifi­
cation is based primarily on interpretation of the mode of 
deposition of the sediments as effected by environment. 
Because of the co-variance of important criteria in 
soil classification and genesis evaluation, and land form 
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classification, it will not be feasible to discuss geomorphic 
and soil aspects of the study in completely independent seg­
ments, although this will be done to some degree. 
Field observations and factors of a general nature that 
are considered significant to the study of the soils and allu­
vial deposits in the Willow River Valley are reported in the 
following sections. 
A. General Studies of the Willow Valley 
1. Nature of the Willow River Valley and watershed 
The location of the Willow River Valley and its water­
shed, in relation to the major features of part of the western 
Iowa landscape and soils, is shown in Figure 1. 
The watershed lies entirely within the Monona-Ida-Hamburg 
soil association (52), and is completely within the thick 
loess-mantled Kansan till topography area (28). The approxi­
mate boundaries for maximum Wisconsin loess thickness on 
upland divide positions in the region are shown in Figure 1. 
The 100-foot and 50-foot boundaries are after that of Daniels 
et, al. (14), and the 32-foot boundary is after Ruhe and 
Scholtes (46). 
The general nature of the watershed is revealed in Figure 
1. Total area within the watershed, excluding the portion 
within the valley of the Missouri River, is approximately 
89,000 acres, or 139 square miles. The watershed is narrow in 
Figure 1. Location of the Willow Valley Watershed in 
Harrison, Monona, and Crawford Counties, Iowa 
The relations of the watershed to other rivers, maximum 
loess thickness on divides, and soil association areas are 
illustrated. The locations of detailed Study Areas la, 1, 
2, 3, 4, and 5 in the Willow River Valley are indicated. 
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width and the major tributaries as well as the main stream 
are strongly oriented in a northeast-southwesterly direction. 
These characteristics, in general, are shared by other streams 
in western Iowa and are probably due, in a large pert, to the 
regional slope of this part of the state (33). 
The generalized longitudinal profile of the valley floor, 
shown in Figure 2, is based on elevations obtained in other 
studies and made available to the writer."*" A more detailed 
profile reveals a series of slight changes in gradient. 
The lower two-thirds of the long profile, including the 
the Study Areas 1, 2, 3 and 4, have an average gradient of 7.7 
feet per mile. The average gradient between Area 4 and Area 5 
is somewhat steeper, averaging 11.5 feet per mile. Above 
Area 5, the farthest point to the watershed divide is 3.5 
miles so that the gradient increases rather rapidly upstream. 
Cross-valley profiles, measured at locations within or 
near the areas selected for detailed study, are plotted in 
Figure 2. These cross-valley profiles are rather generalized 
and do not show topographic details of the flood plain. In 
cross sections C-C1 and A-A1 (Figure 2) there occur features 
interpreted to be loess-mantled terraces in other studies 
(16). In an earlier study, these features were considered to 
1r. B. Daniels, Ames, Iowa. Characteristics of Willow 
River Valley. Private communication. I960. 
Figure 2. Generalized longitudinal profile of the 
Willow Valley flood plain and five cross-valley 
profiles with location in relation to detailed 
study areas in the Willow River Valley 
Elevations are approximate distance above sea level. 
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be loess-mantled benches (48). 
The valley width, of course, shows a general narrowing 
from the mouth to the head of the valley (Figure 2), although 
many local irregularities in width occur. 
Daniels (13) has presented a small scale map of the lower 
two-thirds of the Willow Valley which shows the valley width, 
the location of the Willow Ditch, and the course of the aban­
doned natural channel of the Willow River. These features 
are also shown on the soils and land form maps of the detailed 
study areas of this investigation (Figure 3). 
The natural channel follows a wandering course in the 
valley. Certain stretches are relatively straight and can be 
called reaches as described by Fiek (18). However, a textural 
control of channel migration in these reaches is not apparent. 
Mostly, the channel appears to be sinuous or rather zig-zag in 
its course. 
The following comparison has been given for the lower 
two-thirds of the valley (13). Before straightening, the 
lower Willow River followed a course approximately 26.3 miles 
long in a valley length of approximately 20.2 miles. By com­
parison, the Boyer River, in the adjacent watershed, was cited 
to be approximately 60 miles long in a valley length of 28 
miles. 
Little doubling back of the Willow River channel occurs 
and meander loops are not well formed. No neck cutoffs (57) 
Figure 3. Distribution of soil units, modern sediment 
thickness groups, and land forms in Areas la, 
1, 2, 3, 4, and 5 with location of each of 
the study areas 
On the soil mapthe first digit of the map symbol indicates 
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were found and the air photos revealed no identifiable traces 
of former channels or channel deposits in positions away from 
the present natural channel. 
Some reasons for the absence of traces of these features 
may be: 1) a rapid aggradation of the flood plain since the 
channel shifted in significant degree, 2) the particle size 
of the fill - almost no particles coarser than silt are 
present in any of the upper fills of the valley, and 3) mask­
ing of traces of stream activity by deposition of modern sedi­
ment and cultural activity. The latter point is one to con­
sider since much of the flood plain is covered by one to five 
feet of modern sediment. However, the present natural channel 
is still clearly distinguishable - although abandoned for 40 
to 50 years. The natural channel In the middle and lower 
valley had a depth of approximately 12 to 15 feet and a width 
of 80 to 100 feet (13). 
Investigations of the upland landscape (16, 28) have 
shown that the major drainage pattern pre-dates the Wisconsin 
loess. The valley slopes in the watershed are considered here 
to have primarily developed in a manner shown to be normal to 
the region (46). 
2. Cultural effects 
Daniels (13) has presented the character and recent 
history of the Willow River, both prior to and after straight­
44 
ening, as well as could be discerned from available records. 
In general these records reveal thst at the time of set­
tlement, in the I8601s, the flood plain was frequently inun­
dated, and mostly was considered too wet for cultivation. In 
the early 1900's, crops were frequently damaged by flooding 
and planting was often delayed or prevented by spring floods. 
The Willow Drainage Ditch was constructed to alleviate 
flooding and Improve drainage. The lower portion of the ditch 
was finished in 1908 and this was extended in the period from 
1916 to 1920. The upper end of the ditch terminates about 
two miles north of the Harrison County line in Area 4 (Figure 
l). The ditch has rapidly entrenched and widened over most 
of its length since construction and in 1958 had reached a 
maximum width of 120 feet and a depth of 42 feet at the 
Monona-Harrison County line (13). In the extreme lower end 
of the valley, the ditch has aggraded and has had to be clean­
ed out several times. This filling occurs chiefly in the 
channel where it flows across the Missouri bottom. In the 
vicinity of valley-cross profile Â-A1 at the north end of 
Study Area 1 (Figure 2) the channel has entrenched to a depth 
of 28 feet. 
Farmers near the mouth of the valley report that much 
sedimentation has occurred during recent floods. The flood 
plain here has a greater average thickness of light colored 
modern surflcial sediments than any other areas studied in the 
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watershed. 
The impact of man's activities is evident in the Willow 
Valley. The main expression of man-caused effects is found 
in the entrenchment of the Willow Ditch and in the deposition 
of modern sediments in the valley. The stream entrenchment 
is significant to this study chiefly for its effect on deposi­
tion of the modern sediments and in changing the external 
drainage characteristics of the land forms and soils of the 
flood plain. These effects are prominent over much of the 
valley's extent. 
The general nature of sources of sediment in the water­
shed are discussed in the following section. 
3. The general nature of sediments in the valley 
There is a small range of particle size in the upper 
sediments of the Willow River Valley, probably because the 
uplands in the watershed are predominantly loess-mantled. The 
calcareous-loess of the adjacent uplands ranges in clay con­
tent from approximately 15 per cent"*" in the lower tributaries 
2 
of the watershed to 17 per cent in the headwaters of the 
stream. The proportion of coarse silt (20-50 microns) also 
^Based on samples collected by the author and analyzed 
by the Lincoln Laboratory, S.O.S., U.S.D.A. 
^Based on samples collected and analyzed by the author. 
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varies slightly, amounting to as much as 61 per cent"*" in 
samples from the lower end of the watershed and about 58 per 
p 
cent at the headwaters. Sand content is negligible in either 
location. 
The soils of the uplands are minimal Brunizems and do not 
have textural B horizons (52). The maximum clay content 
usually occurs in the upper foot or so of the profile. Max­
imum clay content in any part of the profile in the loess-
p 
derived soils ranged from 28 or 29 per cent in the headwaters 
of the river to 24 or 25 per cent^ in the lower watershed. 
Most of the area had a native vegetation of grass (48) 
and the surface layers of the soils are quite high in organic 
matter, except in the Regosols on the steeper slopes. Thus 
the sediments in pre-cultural times could have contained quite 
a bit of organic matter. The possibility exists, of course, 
that erosion by gullying could have contributed importantly 
to the sediments and thus tended to keep their organic matter 
low. 
In the Thompson Greek sub-watershed, adjacent to Study 
Area 2, less than 1 per cent of the area consists of exposures 
of Kansan till (16). This sub-watershed has stronger relief 
than most of the Willow Valley drainage area, so that the area 
•'•Based on samples collected by the author and analyzed 
by the Lincoln Laboratory, S.O.S., U.S.D.A. 
^Based on samples collected and analyzed by the author. 
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of Kansan till exposures in the whole Willow Valley Watershed 
is probably lower. In the Magnolia sub-watershed, near the 
lower end of the valley, no exposures of Kansan till were 
found. In the headwaters of the Willow River the loess is 
thinner than near Thompson Creek or the Magnolia Watershed 
(Figure l), but the topography also appears less steep. No 
exposures of Kansan till or Loveland-loess (28) were found 
at the surface in the upland areas examined in the vicinity 
of Area 5. 
From the above, it appears that little sand or clay has 
been Incorporated in the sediments by erosion from Kansan till 
in the watershed and that loess and loess-derived soils of 
silt loam texture have been the predominant source for the 
alluvial fill of the Willow River Valley. 
The source for the modern sediments is also mainly loess, 
but modification of the upland by accelerated erosion, water­
way entrenchment and gully development have probably intro­
duced a greater proportion of sediments derived from calcar­
eous loess and eroded subsoils. More sand may have been in­
corporated in the modern sediments by entrenchment of the 
streams into Kansan till and into the sandy alluvium more 
commonly, though still sparsely, found in the lower fills. 
The alluvial deposits, formed of sediments derived from 
the uplands and laid down in the valley, are classed into 
land forms according to their mode of formation as affected 
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by conditions governing the deposition of sediment. A gen­
etic land form classification has been made of the deposits 
in parts of the pre-cultural alluvial plain of the Willow 
Valley. This classification will be discussed next. 
B. Soils, Land Forms, and Alluvial Fills 
of Selected Areas 
1. Alluvial land forms 
The alluvial land forms mapped in the selected study 
areas are shown in Figure 3. As mapped in this study, the 
land forms consist of three defined features and one undiffer­
entiated unit. The three defined land forms are: l) the 
alluvial fans Including slope wash deposits, 2) slack water 
areas, and 3) the alluvial ridge, or natural levee-channel 
area of the river channel expressed by natural levees. The 
undifferentiated unit included the rest of the alluvial plain 
not within the defined units ; it is mostly a transitional 
zone with characteristics intermediate to those of the defined 
land forms. 
Because modern sediments have modified the original 
alluvial surfaces, their thickness was recorded during the 
mapping of the soils and of the land forms. These data are 
given on Figures 3 and 4. 
It is considered that each of the defined land forms has 
developed in conjunction with a different environment. The 
Figure 4. Distribution of modern sediments by thickness 
groups in Areas 1, 2, 3, 4, and 5 
The reaction of the modern sediments to hydrochloric acid 
(calcareous or noncalcareous) is indicated for each point 
of observation. 
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different environments are thought to have affected the mode 
of deposition and contributed to the character of the sedi­
ments within each type of land form. 
Specific criteria used In delineating each land form 
type in the study areas are given below. 
a. Alluvial fans The main criterion for delineation 
of the alluvial fans was the topographic configuration of 
these features (Figures 5, 6, 7). Included within the delin­
eated fan areas (Figure 3) were fans at the Junction of 
tributaries, fans below side valley waterways, and toe-slopes 
of local alluvium at the base of the upland slopes. It seems 
the latter would correspond to colluvium as used by Thornbury 
(57) and the 1951 Soil Survey Manual (63). The former would 
be classed as local alluvium according to the Soil Survey 
Manual (63) . The sediments of these alluvial fans are uni­
formly silt loams in texture and are not visibly stratified. 
The subsoil layers have brownish colors considered indicative 
of well-drained conditions. 
The alluvial fans grade gradually to the flood plain 
through a zone of transition marked by a flattening of the 
slope, accompanied by a slight increase In clay content and 
moderately mottled substratum colors. In this transition 
zone, the predominant color of the sediments below the soil 
A-j_ horizon changes from brownish to grayish hues, indicative 
of somewhat poor drainage. 
Figure 5. Contour map of the pre-cultural surface in a 
portion of Study Area 2 with plots of one 
section and two deep boring traverses 
The locations of Section A-A1 and deep boring traverses B-B1 
and C-C1 are illustrated. In the plots are shown the depth 
to carbonate, sediment textures other than silt loam, 
distribution of the alluvial beds where identified, and 
the nature of the contact between beds 3 and 4. Elevations 
are approximate distances above sea level, less 1000 feet 
for topographic contours. SiCL = silty clay loam. 
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Figure 6. Contour map of a part of pre-cultural surface of 
Area 4 and plots of three deep boring traverses 
in Areas 4 and 5 
The locations of deep boring traverse D-D1 and additional 
deep boring sites are shown on the contour map. The loca­
tions of deep boring traverses E-E1 and F-F1 in Area 5 are 
indicated. The plots of deep boring traverses D-D', E-E', 
and F-F' show sediment texture other than silt loam, the 
depth to carbonate, alluvial bed distribution, and the 
nature of bed 2 and bed 4 surfaces. Elevations are approxi­
mate distance above sea level in the plots and less 1000 
feet for contour Intervals. SiCL = silty clay loam. 
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Figure 7. Contour maps of the pre-cultural surface of a 
portion of Area 1 
The portion of contour map (A-A', B-B1) including the lower 
fan surface and flood plain is shown in larger scale (C-C , 
D-D') with equal thickness contours of modern sediment. 
Points of maximum and minimum elevations between contours of 
equal elevation are indicated. Elevations are approximate 
distance above sea level, less 1000 feet. Contours are 
omitted from the natural channel and drainage ditch. 
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b. Slack water areas Within the flood plain in 
nearly flat or concave positions are found areas of moderately 
fine textured sediments. These areas are designated on the 
land form maps as areas of slack water deposition. The drain­
age conditions under which these finer textured sediments were 
deposited no longer exist, for the most part, in the study 
areas. Designation of slack water areas is therefore based 
on Inferences from the character of the sediments, primarily 
texture and color, and from their position in the flood plain 
with reference to other alluvial features. 
The areas of slack water deposits would correspond more 
or less to areas of back swamp deposits as discussed by Thorn­
bury (57) and Flsk (18). These authors consider much of the 
flood plain away from the meander belt to be composed of back 
swamp deposits occurring In basins. 
It Is recognized that much of the flood plain In the 
study areas is transitional in texture and natural drainage 
conditions to the areas delineated. If the slack water areas 
were extended to include sediments of light silty clay loam 
texture, they would include much more of the flood plain. 
The position relative to other features is useful In pre­
dicting the location of the slack water areas as mapped. How­
ever, it often happened that the texture of sediments in pre­
dicted positions was light silty clay loam rather than medium 
to heavy silty clay loam. As the distinguishing character-
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istlcs of the slack water deposits, as mapped, were not 
strongly expressed, it was considered desirable not to delin­
eate these less well expressed areas as slack water land 
forms. 
Designation of the slack water land forms of this study 
as back swamps would be questionable. There is of course 
nothing in the present surface appearance of these areas to 
suggest swampy conditions. The flood plain environment has 
been altered to a marked degree by entrenchment of the Willow 
Ditch, deposition of modern sediments, and other cultural 
effects. The limited available historical evidence (53), 
discussed in a previous section, suggests that at least part 
of the flood plain of the Willow River was quite swampy prior 
to cultivation. The character of the soil profile developed 
in these positions provides evidence of poorly drained condi­
tions. The surface soil layer color and the subsoil colors 
point to a somewhat wet condition during soil formation. In 
some places the presence of abundant small snail and clam 
shells in these positions are also considered indicative of 
original natural wetness. 
It is considered that because of the relatively uniform 
textured sediment sources in this watershed, textural differ­
entiation by sedimentation processes provides the best clue 
to areas of back swamp conditions. Thus the slack water 
designation, as inferred from textural differentiation as the 
60 
main criterion for delineation of the areas, would seem most 
functional. 
c. Alluvial ridge (natural levee) The alluvial ridge 
is that area near the natural stream channel which is pre­
dominantly medium to light silt loam in texture and has a 
somewhat higher elevation than the slack water areas and 
adjacent flood plain. The term "alluvial ridge" was used by 
Fisk (18) as a general term for the area encompassing the 
meander belt of the river and marked by a visible rise in 
elevation above the back swamp areas. Its relief is due main­
ly to the presence of natural levees. According to Fisk (18) 
the alluvial ridge in the lower Mississippi Valley contains 
such diverse deposits as formed by lateral accretion in point 
bars and by vertical accretion in abandoned channel segments, 
swales in point bar deposits, and natural levees. The lack of 
discernible features of most of these deposits in the Willow 
Valley has been reported earlier in this paper and possible 
reasons for their absence were discussed. 
The sediments within the alluvial ridge land form in the 
study areas are probably deposits of both vertical and 
lateral accretion, formed by over bank flooding and channel 
shifting, respectively. However, the surficial deposits of 
the alluvial ridge appear to be dominantly the result of over 
bank deposition and the major expression of relief is by the 
natural levees along the natural channel of the Willow River. 
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The relief usually flattens in a short distance from the 
channel, and it has been further obscured by deposition of 
modern sediments (Figures 4, 7). The outer boundary of the 
alluvial ridge merges with the far flood plain through a zone 
of transition. Occasionally the change is more abrupt where 
an area of slack water deposition lies close to the channel 
(Figure 7). The demarcation of the outer boundary of the 
alluvial ridge is admittedly somewhat vague and its deline­
ation was based on observations of texture, a certain loose­
ness of the substratum, and subsoil colors Indicative of some­
what better drainage. 
The use of alluvial ridge (natural levee) as a name for 
the area of deposition associated closely with the stream 
channel In Willow Valley can be criticized because of the 
great contrast between Willow Valley and Mississippi Valley 
where It was used by Fisk (18). The author feels, however, 
that the term connotates the expression of relief primarily 
due to the presence of natural levees along the river (57) 
and thus, the features in the two flood plains are similar in 
genesis though greatly different In degree of expression and 
diversity of detail. The alternatives of calling the land 
form a meander belt, with its implied emphasis on channel 
features and lateral accretion, or of simply designating it 
as natural levees, seems less appropriate, as this would pre­
clude the possibility of other than over bank deposits. 
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2. Soils 
a. Soil morphology and profile descriptions The 
methods used in the field investigation of the soils were 
described earlier. The soils delineated in the field have 
been tentatively correlated with established soils series and 
types.1 
The dark colored alluvium-derived soils of this study 
have a prominent Aj horizon of moderate to high organic matter 
content, and a subsoil with weak to moderate structural 
development. Subsoil colors range from yellowish brown to 
gray. Presumably, these alluvium-derived soils have in com­
mon the factor of having received accretions of sediments 
during their formation. 
The horizon boundaries in the profiles described are 
gradational and usually are described as diffuse (63). Black 
or very dark brown colors often extend below 30 inches in the 
profiles. Designation of subsoil horizons as B horizons is 
based on a gradation toward lighter colors, on weak to moder­
ate structural development, and a slight difference in color 
between the ped interiors and exteriors in the subsoil hori­
zons. The latter is considered evidence of ped formation. 
^Based on field Inspections by Dr. F. J. Carlisle and Dr. 
F. F. Riecken, Senior Soil Correlator, S.C.S., U.S.D.A. and 
Professor of Soils, Iowa State University of Science and Tech­
nology, Ames, Iowa, respectively. 
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The substratum or C horizon Is considered to begin st the 
depth where the ped structure and color contrast becomes very-
weakly expressed, or is absent. 
The horizon thicknesses vary between the individual pro­
files, but nearly all the dark colored soils show the same 
gradational horizonation to some degree. This regularity of 
horizons in the profiles is thought to be an indication of 
soil formation. One exception is the buried soil in profile 8 
from Area la in the lower end of the Willow Valley. Although 
rather dark colored, this soil has sharply defined textural 
stratification in the different layers. The appearance of 
this profile is strongly suggestive of variable sedimentation 
for the location of profile 8. The variability may be related 
to a more complex history of flooding at this location in the 
valley as compared to other areas studied. 
In most parts of the areas studied the dark colored soils 
are buried beneath variable thicknesses of modern sediments 
that have modified or changed the soil series present on the 
alluvial surface. 
The morphology of the individual soil types of the allu­
vial surface and their association with specific land forms 
are reported below. 
1. Napier silt loam (unit -6) The Napier soil 
has a very dark brown to black1 (10YR 2/2-2/1) A^ horizon 
^Munsell colors of moist soil unless otherwise stated. 
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usually more than 12 inches thick. It has a granular struc­
ture . The grades diffusely to a weakly developed B horizon 
with dark brown to very dark grayish brown (10YR 3/3-3/2) 
colors, usually not mottled, and with a week fine subangular 
blocky structure, having slightly darker ped surfaces than 
interiors. The solum grades diffusely to a dark brown (10YR 
3/3) substratum which may be slightly mottled. Napier soils 
are usually greater than 50 inches thick, show much mixing by 
earthworms, and are well to moderately well-drained. The solum 
and substratum are a noncalcareous, uniform medium to fine 
silt loam. This soil occurs on alluvial fans and local slope 
wash deposits on slopes ranging from 1*5 per cent to about 
12 per cent in gradient. 
For variations found on 7 to 12 per cent slopes, the 
may be less than 12 inches thick and subsoil colors are dark 
yellowish-brown (10YR 4/3-4/4) rather than dark brown. In a 
few locations, carbonates were found within 5 feet of the 
surface. Variations mentioned above were designated as -6w 
in field notes, but are not shown on the soil maps in this 
study. On 1 to 2 per cent slopes, near the outer margin of 
the fans bordering Kennebec soil areas, the Napier silt loam 
soil has a thicker Aj horizon and a moderately mottled lower 
subsoil. This variation was noted as -6m in the field notes, 
but was not delineated on the soil maps. 
Six detailed profile descriptions of Napier silt loam 
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are presented In the Appendix. 
2. Kennebec silt loam (unit -g) Kennebec silt 
loam has a thick ( >• 15 inches) black ( 10YR 2/1) A^ horizon 
grading diffusely to a very dark gray (10YR 3/l), moderately 
mottled subsoil designated as a weak B horizon. This B hori­
zon has weak subangular blocky structure, with structural 
peds having slightly darker exteriors than interiors. The 
B grades diffusely at greater than 50 inches to a dark gray 
(10YR 4/1) mottled substratum. The solum and substratum are 
a noncalcareous uniform silt loam to light silty clay loam. 
Textural and color stratification are not visible within the 
profile. The profiles show evidence of earthworm activity. 
The Kennebec silt loam soil is found on positions of 0 to 
1.5 per cent gradient on the lower edges of alluvial fans and 
in areas designated as "undifferentiated flood plain" on the 
land form maps (Figure 3). Kennebec silt loam, unit -2, is 
considered an Imperfect to moderately well-drained soil. 
One variation in Kennebec silt loam is in the textural 
range. Another variation, occurring usually near the boundary 
with Napier silt loam, has a subsoil color that is very dark 
grayish brown with moderate mottling of iron oxides. 
Two detailed descriptions of Kennebec silt loam are 
presented in the Appendix. 
3. Kennebec silt loam, variant A (unit -l) This 
soil is very similar to unit -2 described above, but is more 
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variable in profile characteristics. It occurs mainly on land 
forms designated as alluvial ridge on the land form maps 
(Figure 3). The Kennebec silt loam, variant A soil has an A^ 
horizon of black, very dark brown, or very dark gray (10YR 
2/1, 2/2, 3/1) colors. The A^ horizon is normally greater 
than 12 inches thick but may be as thin as 8 inches. The 
weakly developed B horizon subsoil varies from very dark gray 
to very dark grayish brown ( 10YR 3/1-3/2.) and is variable in 
the degree of mottling. It has weak to very weak subangular 
blocky structure, and often has a somewhat loose, or very 
friable consistency. Earthworm activity is usually evident. 
Visible stratification by coarser silt, organic coloration, 
or both, is seen occasionally. The substratum is usually dark 
gray to very dark gray (10YR 4/1-3/1), with variable mottling. 
The soils may be calcareous within 3 or 4 feet of the surface. 
Texture is usually a light to medium silt loam in all hori­
zons . 
The profiles of unit -1, with the most coarse texture, 
weakest Aj development, more evident stratification, and cal­
careous substratum, are usually found in positions nearest 
the stream channel. Unit -7 was used in the field notes to 
indicate the above mentioned variations, but was not mapped 
and is included with unit -1 on the soil maps. Profile 9 was 
described within an area of Kennebec silt loam, variant A in 
Study Area 1 (Figure 3). This description is presented in the 
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Appendix. Profile 11 is another description of Kennebec silt 
loam, variant A, presented in the Appendix. 
4. Colo silt loam (unit —5) The Colo silt loam 
soil occurs on 0 to 1 per cent slopes. It is found in slack 
water land form areas (Figure 3). Colo silt loam is con­
sidered to have poor to imperfectly-drained profile character­
istics. It has a thick black (10YR 2/1-2/0) silt loam to 
light silty clay loam granular A% horizon. The Aj grades dif­
fusely to a very dark gray (10YR 3/1), mottled, medium to 
heavy silty clay loam subsoil considered to be a weakly 
developed B horizon. The B has weak to moderate subangular 
blocky structure. The solum grades diffusely at about 50 
inches to a dark gray, mottled, medium to heavy silty clay 
loam substratum. The solum and substratum of these soils are 
noncalcareous and show moderate mixing by earthworms. Two 
descriptions of Colo silt loam are given in the Appendix. 
5. Colo silty clay loam, calcareous variant (unit 
-4) This soil has medium to heavy silty clay loam textures 
in all layers. It is found mainly in the lower Willow Valley 
in positions similar to unit -3 Colo silt loam, which it re­
sembles in morphology. However, the solum and substratum of 
unit -4 are highly calcareous and contain abundant carbonates 
and shells of small snails and clams. A partial description 
of unit -4 is given in the Appendix. 
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6. Kennebec silt loam, calcareous variant (unit -5) 
This silt loam soil is similar to unit -2 (Kennebec silt loam) 
in occurrence and morphology, but it is highly calcareous in 
all layers. Abundant snail shells are present. Unit -5 was 
mapped in only one location ; at the routh of the Magnolia Creek 
where it debouches into the Willow Valley adjacent to a ter­
race in Area 1 (Figure 3). A description of unit -5 is in­
cluded in the Appendix. 
7. McPaul-Nodaway silt loam complex (thickness 
groups 5-, 4-. and 5-) The complex of calcareous and non-
calcareous modern sediments greater than 20 inches in thick­
ness is considered the McPaul and Nodaway soil complex. These 
soils appear to have almost no modification by soil-forming 
processes since deposition. In cultivated areas, the plow 
layer has a greater compactness and stratification is often 
absent. In some of the profiles mixing by earthworms was 
noted. Also in some an apparent beginning of structure forma­
tion was observed. No formation of an A^ horizon was apparent 
in any of the McPaul-Nodaway soils. The McPaul-Nodaway soil 
complex was mapped on all the alluvial land form types in the 
study areas. Four profile descriptions of these soils are 
included in the Appendix. The distribution, color, and other 
characteristics of the modern sediments are reported in a 
later section. 
b. Profile and sample sites Soil profiles were 
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described and sampled from each of the five study areas. 
Except for a Napier silt loam site (profile 13), which was 
located in an undisturbed original prairie tract, and profile 
6, from a permanent pasture site, all profile sites were in 
cultivated fields. 
The locations of the 18 soil profiles described in detail 
and sampled for laboratory analysis are shown on the soil and 
land form maps (Figure 3). The soil types sampled, their pro­
file number, the slope and land form type at the sampling 
site, and the study area in which the sites are located, are 
summarized in Table 1. 
Profile 13 (Napier silt loam), profile 16 (Kennebec silt 
loam), and profile 17 (Colo silt loam) are from the deep bor­
ing traverse D-D' in Study Area 4, Figure 6. Additional sur­
face and substratum samples were collected along this traverse 
to study variation in particle size distribution between and 
within land forms. Profiles 13, 16 and 17 have no light 
colored modern sediments at the surface. 
A soils-land form position sequence was collected also 
from Study Area 2 (Figure 3). In this area, profiles 5, 10, 
3, and 11 were collected from the following soils, respec­
tively, Napier silt loam, Colo silt loam, Kennebec silt loam, 
and Kennebec silt loam, variant A. The latter was from a 
levee position and had an accretion of 13 Inches of light 
colored modern sediments. The other three profiles in the 
Table 1. The soil types, profile numbers, and map symbols of the 18 profiles 
sampled, with slope gradient and land form position of the sample site 
and study area in which the site is located 
Profile Map Per cent Study 
Soil type number symbols slope Land form position area. 
Napier silt loam 7 0-6 4 Alluvial fan la 
H II II (overwash 
phase) 18 2-6 2 H H la 
H II II 5 0-6 2-3 II II 2 
» it « 12 0-6 3 II » 3 
II » II 13 0-6 2 » II 4 
IL H » (overwash 
phase) 14 2-6 3 II » 5 
Kennebec silt : loam (overwash Flood plain 
phase) 3 2-2 1 undifferentiated 2 
n H H 16 0-2 1 Flood plain 
undifferentiated 4 
Colo silt loam 10 0-3 0-1 Slack water 2 
» n II 17 0-3 0-1 » it 4 
Kennebec silt ; loam, variant A 9 2-1 1-2 Alluvial ridge 1 
(natural levees) 
n II H II II 11 2-1 1-2 H II 2 
H II 
" , calcareous Flood plain 
variant 1 0-5 1 undifferentiated 1 
McPaul-Nodaway silt loam 8 3t~3 0-1 Slack water la 
II II II II 15 3t-4 0-1 H II 1 
II M H « 4 3-1 1-2 Natural levee 3 
II II II « 6 3-2 0-1 Flood plain 
undifferentiated 5 
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sequence had thin deposits of modern sediments at the surface 
or incorporated within the plow layer. 
Two Napier silt loam profiles were sampled on a moder­
ately large alluvial fan in Area la (Figure 3). Profile 7 
was taken in the upper half of the fan on a 4 per cent slope. 
Profile 18 was taken in the lower portion of the fan on a 2 
per cent slope. It had some light colored modern sediments 
at the surface. 
Profile 7 in Area 1, profile 5 in Area 2, profile 12 in 
Area 3, profile 13 in Area 4, and profile 14 from Area 5 
(Figure 3) are a sequence of profiles sampled from well-
drained sites on alluvial fans from the lower end to the head­
waters of the Willow Valley. Of these five profiles, only 
profile 14 showed a definite accumulation of light colored 
modern sediments at the surface. All are classed with Napier 
silt loam. 
The three groups of profiles mentioned above form the 
main arrangements of sampling sites in relation to land form 
position and geographic location in the valley. 
Profile 9 was collected in Area 1 to represent Kennebec 
silt loam, variant A (unit 2-1), mapped along the natural 
channel of the river. Profile 4 in Area 3 also was from a 
natural levee position, but was from a unit 3-1 area, with 
thicker light colored surficial sediments, and would be cor­
related with the McPaul-Nodaway silt loam complex. The sub­
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stratum is classed as a burled Kennebec silt loam, variant A. 
Profile 6 (Area 5), profile 15 (Area 1), and profile 8 
(Area la) were taken from the McPaul-Nodaway soil complex. 
Profiles 15 and 8 had silt loam and/or silty clay loam strati­
fication in the upper layers. Profile 15 and profile 1 were 
collected to illustrate a special condition where the buried 
soils and substratum are highly calcareous and have many snail 
and clam shells present. 
c. Soil maps and legend The soils were classified 
and mapped in the field on the basis of their morphological 
characteristics. Criteria for differentiating the field 
mapping separations were those normally used in the field by 
soil classifiers. However, the classification used for the 
soils of.this study differs in several respects from the field 
units and soils series that have been established for allu­
vium-formed soils in standard surveys of the Monona-Ida-
Hamburg soil association area. 
A primary objective of this study was to determine the 
character and distribution of the soils of the pre-cultural 
alluvial environment in the study areas. An additional objec­
tive was to obtain information on the thickness and distribu­
tion of the post-cultural or modern sediment. In order to 
facilitate the recording of information pertinent to these 
objectives, a system of classification symbols was set up to 
record the characteristics and thickness of the overlying 
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modem sediment as well as the kind of soil buried beneath 
this sediment. 
The system of nomenclature used for classification and 
map symbols involved use of two digits separated by a dash, 
for example (2-2). In every instance, the first digit indi­
cates the thickness of modern sediment and the second digit 
stands for the dark colored soil type. Where the dark colored 
soil is at the present surface, the dual symbol is maintained 
by use of a 0 as the first digit. The first digit is called 
a thickness group and the second digit is referred to as the 
classification and mapping unit. 
Slope symbols are shown only on alluvial fan positions. 
Soils in these positions were mapped in three slope groups as 
follows : 
1.5 - 4 per cent = 5% group 
4.1 - 9 per cent = 1% group 
9.1 - 12 per cent = 11% group 
Where mapped, the slope symbols are shown separately from the 
soil symbol within the soil boundaries. 
Six units were established for mapping of the dark 
colored soils in the study areas. Additional classification 
sub-units were used in the field notes, but these have been 
combined with one of the six units on the soils maps. The 
six units, classified as soil types, or variants are given 
below: 
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unit -1 Kennebec silt loam, variant A 
unit -2 Kennebec silt loam 
unit -3 Colo silt loam 
unit -4 Colo silty clay loam, calcareous phase 
unit -5 Kennebec silt loam, calcareous phase 
unit -6 Napier silt loam 
General descriptions of these soils were given in a pre­
vious section and detailed descriptions are presented in the 
Appendix. 
The thickness groups of modern sediments represent a 
combination of the field observations into ranges of thick­
ness. Five thickness groups of modern sediment were mapped. 
These groups are shown on the soil maps by the first digit 
of the map symbol (Figure 3). 
The thickness limits of these modern sediment groups are: 
group 0- none to 8 inches 
group 2- 8 to 20 inches 
group 3- 20 to 36 inches 
group 4- 36 to 54 inches 
group 5- 54 inches or greater 
An additional unit, 1-, 1 to 8 inches, was included in the 
field notes but has been combined with the 0- group because 
mixing by cultivation in the plow layer caused too much 
variability for the separation to be consistent. Soils with 
from 8 to 20 Inches (group 2-) of light colored modern sedl-
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merits of silt loam texture are considered to be overwash 
phases of the underlying dark colored soil type. Soils with 
greater than 20 inches of light colored calcareous silt loam 
sediment at the surface normally are correlated as McPaul silt 
loam, or as Nodaway silt loam if the modern sediment is non-
calcareous silt loam. In this study these soils are mapped 
as a complex because their distribution was highly variable 
within short distances. 
Where the modern sediment was a stratified silt loam 
and silty clay loam, a small t subscript following the first 
digit indicates this stratification. 
The reaction of the modern sediments has not been used 
as a basis for separation of units on the soil maps. A large 
number of observations (Figure 4) revealed that in most of 
the areas, calcareous and noncalcareous modern sediments 
occurred in an intricate relationship which is for the main 
part, unpredictable and not mappable for the scale used. The 
distribution, color, and other characteristics of the modern 
sediments are discussed in a following section. 
The units and modern sediment thickness groups estab­
lished for field classification and mapping of the soils, and 
the correlation of these units and groups with established 
soil series, are given in Table 2. The land forms with which 
the units are associated are also given in the same table. 
The distribution of the soil types and of the land forms in 
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Table 2. Classification, mapping units, and modern sediment 
thickness groups of soil types in the five study 
areas, with per cent slope range and associated 
land form type 
Field 
class!- Per cent 
fication Mapping slope 
unit unit range 
Associated 
land form 
Soil type type 
Unit 
Units of general distribution in the study areas 
1.5-12 
Unit 
Unit 
Unit 
Unit 
-6w 
-6 
-6m 
-2. 
-3 
-1 
-7 
Unit -4 
Unit -5 
Unit -6 
(11,7,3# 
slope 
groups 
Unit -2 0.0-1.9 
Unit -3 0.0-1 
Unit -1 1.0-2 
Napier 
silt loam 
Kennebec 
silt loam 
Colo 
silt loam 
Kennebec 
silt loam, 
variant A 
Alluvial fans and 
local slope wash 
deposits 
Flood plain 
undifferentiated 
Areas of slack 
water deposits in 
the flood plain 
Alluvial ridge 
(natural levees) 
Units of special occurrence only 
Unit -4 0.0-1 
Unit -5 
Colo silty 
clay loam, 
calcareous 
phase 
Kennebec 
silt loam, 
calcareous 
phase 
Areas of slack 
water deposits in 
the flood plain 
Flood plain 
undifferentiated 
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Table 2. (Continued) 
Field 
classi­
fication 
unit 
Mapping 
unit 
Per cent 
slope 
range Soil type 
Associated 
land form 
type 
Groups of modern sediment thickness a 
Group 0-
(none) 
Group 1-
(0-8") 
Group 2-
(8-20 ") 
Group 3-
(20-36") 
Group 4-
(36-54 ") 
Group 5+ 
( 54 "+ ) 
Group 0- 0.0-3 
0-81  
Group 2-
8-20 " 
Group 3-
20-36" 
Group 4-
36-54" 
Group 5+ 
54"+ 
Associated 
soil unit 
Overwash 
phase of 
associated 
soil unit 
McPaul 
silt loam 
(calcareous) 
or 
Nodaway 
silt loam 
(noncal-
careous) 
complex 
Locally variable 
^Subscript t indicates textural stratification. 
each of the five study areas is shown in Figure 3. 
3. Modern sediments 
The distribution of the modern sediments was determined 
in conjunction with the mapping of soils in the study areas. 
The modern sediment was identified mainly by its contrasting 
lighter color and lack of structure, as compared to the dark 
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colored soil A^ horizon found beneath. Usually the contact 
between the two materials was clear; occasionally a 6 to 8 
inch zone transitional in color, and often of mixed colors, 
was found between them. Where encountered, this mixed layer 
was recorded as a part of the material it most nearly re­
sembled in color. 
The distribution, approximate thickness, and reaction of 
the modern sediments in each of the study areas is Indicated 
in Figure 4. The pattern of occurrence of the modern sediment 
is seen to be extremely variable. Deposition of this material 
apparently has been affected by diverse cultural features 
including, field boundaries, fence lines, roads and ditches. 
Presumably, erosion has been serious in the uplands since 
the beginning of tillage. Prior to construction of the Willow 
Ditch, much of the modern sediment present in the flood plain 
must have been laid down by flooding from the natural channel. 
Since then, rapid entrenchment of the ditch, as well as most 
of the main tributaries has reduced flooding to an infrequent 
event in most of the valley (13). As a result, deposition 
from the main stream and tributaries has essentially ceased 
in the central portion of the valley. However, it seems that 
flooding still occurs every few years in the lower end of the 
valley. In Area la, Figure 3, the modern sediment is about 
5 feet or more thick. Area la is near the mouth of Willow 
Valley, and from other observations as well as those in Area 
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la, the modern sediments seem usually to be quite thick in 
this part of the Willow Valley. 
When studying Area 5 in the upper part of the valley, 
the author was informed by a farmer^ that flooding was less 
frequent than in the past. According to this source, the 
channel of Willow Creek had widened and deepened in the last 
20 years. 
Much of the modern sediment in the upper part of the 
valley appears to have been deposited by non-entrenched tribu­
taries entering the valley. A large amount of modern sediment 
derived from the uplands has accumulated close to its source 
within the sub-watersheds and smaller waterways tributary to 
the Willow Valley. Happ et al. (21) have suggested that 
modern sediments have tended to accumulate to a greater degree 
in the headwater portions of valleys. 
In Study Area 5 a small tributary was studied as repre­
sentative of the conditions in the headwaters of the Willow 
River. A large amount of modern sediment is present in this 
tributary (Figure 3), and it extends up the centers of the 
tributary waterways almost to the upper end of the alluvium• 
Several important relationships which are commonly found 
between the alluvial land forms and the distribution of modern 
^Irving Kuhlman, Charter Oak, Iowa. Information regard­
ing Area 5. Private communication. 1959. 
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sediment are shown in detail in the topographic map of part 
of Area 1 (Figure 7). The maximum thickness of modern sedi­
ments has accumulated at the lower edge of the alluvial fan 
where it flattens to merge with the flood plain proper. This 
modern deposition has had the effect of extending the fan 
somewhat from its original terminus. The slack water area 
below the fan has been aggraded with a thick layer of modern 
sediment that thins to a marked degree as the natural levee 
of the river channel is approached. The modern sediment is 
only about one foot or less thick on the crest of the levee. 
The abandoned river channel has been partially filled by 
six or more feet of modern sediments (Figure 8). On the west 
side of the natural channel, the modern sediment again thick­
ens and reaches a maximum thickness at approximately the 
lowest point in the slack water basin-like area. It seems 
that the slack water area in this vicinity apparently has 
been protected from side valley waterway alluviatlon by a 
terrace (Figure 3). 
In general, the maps of modern sediment thickness (Figure 
4) have similarities to the relationships shown in Figure 7. 
Locally in each of the study areas however, the amount of 
accumulation undoubtedly has been affected by the various cul­
tural features mentioned earlier. 
The character of the modern sediment shows a general 
similarity throughout the watershed, but has certain vari-
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atlons within a narrow range. These variations can occur both 
vertically and horizontally. 
The modern sediment is predominantly silt loam in texture 
and usually very dark grayish brown (10YR 3/2) moist, in 
color. It often shows fine stratification of color and 
coarser silt below the plow layer. Mottling of iron oxides 
Is commonly present, but variable in degree and pattern. The 
reaction, that is whether nonealeareous or calcareous, is ex­
tremely variable as shown In Figure 4 by the coding of ob­
servations made within each area studied. Modern sediments 
in certain portions of the valley appear to be predominantly 
nonealeareous, as in Area 3. Too, there seems to be some re­
lationship between position in the valley and whether the 
modern sediment is calcareous or noncalcareous. The modern 
sediments nearer the natural stream channel tend to be non-
calcareous, but calcareous nearer the valley slope. Many 
exceptions were noted however. If even closer observations 
had been made, the variability undoubtedly would have been 
more pronounced than illustrated. This variability has a 
special significance in the classification of soils because 
calcareousness is used as a basis for differentiating between 
the McPaul and Nodaway soil series. 
In Study Areas la and 1 (Figure 3) the modern sediments 
sometimes have a pronounced textural stratification. A fine 
to very fine textured layer in the modern sediments was noted 
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to be present at certain locations. These locations are noted 
on the soils map with a t subscript after the first numeral 
which indicates the thickness of the modern sediments, for 
example (3t-4). The locations of the texturally stratified 
modern sediments coincided with the slack water land form 
delineated on the basis of original surface in Area 1. In the 
upper layers of soil profiles 8 and 15, described in the 
Appendix, there are such texturally stratified sediments. 
Other soil profiles which have modern sediments in their 
upper layers are profiles 4, 6, 9, 11 and 14, all of which 
are described in detail in the Appendix. 
4. Alluvial fill traverses and sections 
The alluvial fills in several areas were studied primar­
ily l) to obtain information on the character of the sedi­
ments, 2) to obtain an improved estimate of the age of the 
sediments and 3) to obtain information about the relation of 
land forms and sediment character. The fills were studied in 
several exposed sections and by moderately deep auger borings. 
A current investigation of the alluvial fills in the 
Thompson Creek subwatershed and the Willow Valley provided 
the means for ordering these observations into a system of 
alluvial bed nomenclature (17). The correlation of the 
Thompson Creek alluvial beds with beds distinguished in this 
investigation is based on a reconnaissance tracing of the beds 
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from the radiocarbon sites to the locations of the study areas 
in the Willow Valley.^ The Thompson Creek alluvial bed nomen­
clature and the radiocarbon samples considered to date the 
various beds are given in Table 3. 
The identification, distribution and character of the 
upper-most alluvial beds of the pre-cultural surfaces are of 
Table 3. Radiocarbon samples from the Thompson Creek Beds 
with radiocarbon years before present, species of 
wood sample and position In the beds (17) 
Sample Radiocarbon Position within 
number3- years B.p.t) Wood alluvial beds 
w - 701 Less than L 250 Boxelder Base bed 5, channel fill 
w — 799 1,100 + 170 Walnut 3' above base of bed 4 
w - 699 1,800 + 200 Willow Rooted in bed 
of bed 4 
3, base 
ff - 702 2,020 200 Red Elm Base of bed 3, 
bed 2 
top of 
w - 700 11,120 + 440 Spruce Base of bed 2, 
bed 1 
top of 
W - 881 14,300 + 250 Spruce Top of bed 1, 
River- Valley 
Willow 
aU. S. Geological Survey sample number. 
^Before present. 
B. Daniels, Ames, Iowa. Information on alluvial 
bed distribution. Private communication. 1959. 
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main concern in the present study. On parts of the study 
areas, the upper bed is a light colored silt loam modern sedi­
ment . It is designated as bed 6. Because the deposition of 
this material is considered to be closely related to the 
activities of man, as distinct from the natural conditions 
governing deposition of the rest of the fills, its distribu­
tion and character were described in the previous section. 
The upper fills of the pre-cultural valley landscape 
were studied in cross section at a number of localities and 
in other areas by deep boring with a one-inch hand probe. 
The results of a part of these investigations are reported 
below and plotted in Figures 5 and 6. Two cross sections of 
the natural channel of the Willow River were described to 
show the bed relationships existing at this feature in the 
flood plain. These sections are presented in Figure 8. As 
previously noted, the bed nomenclature used is based on a 
correlation with the Thompson Creek beds from a reconnaissance 
tracing of these beds to the sites of the traverses. 
a. Traverse A-A' This cross section traverse is a 
scale drawing of an exposure located along an entrenched 
waterway at the north edge of Area 2 (Figure 5). The upper 
end of traverse A-A' is near the valley wall on an alluvial 
fan of moderate size, and the lower end is at the junction 
with the Willow Ditch near the natural channel of the Willow 
River. The Junction of Thompson Creek with the Willow Ditch 
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in the SE 1/4 of Sec. 14, T. 80 N., R. 43 W., occurs in 
Study Area 2. 
The distribution of the alluvial beds in section A-A' 
and the character of the contacts between the beds are shown 
in Figure 5. In addition, the distribution of the finer tex­
tured sediments, the depth to carbonates, and depth of ob­
servations are shown by special symbols. 
The following description of cross section A-A1 is based 
on Figure 5. The distances and depths mentioned are in rela­
tion to the scale drawing of section A-A1. Locations along 
the traverse are referred to as stations given in feet, from 
station 0+00 at point A on the fan surface to station 13+26 
at point A' on the flood plain at the junction with the Willow 
Ditch. Description of the modern sediments, designated as 
bed 6, will be omitted here as their distribution and nature 
are discussed in a separate section. The lower alluvial beds 
shown in Figure 5 will not be described here, as their char­
acteristics are not pertinent to this study. 
The section from station 0+00 to station 5+00 is on a 
definite alluvial fan position. Here the sediment colors 
are predominantly brown* ( 10YR 4/3) with some redder and 
darker brown mottles. The texture is uniformly a silt loam 
and no stratification is apparent. These characteristics 
^Munsell colors of moist sediments unless otherwise 
stated. 
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persist from the surface to the base of the exposure at about 
22 feet below the surface. A Napier silt loam soil, which 
with other soils have been described in an earlier section, 
occurs in the upper part of the section. The contact between 
bed 4 and bed 3 in this area is a weak organic zone only 
slightly darker than the beds above and below. This contact 
rises from station 5+00 toward station 0+00 at a slightly 
steeper gradient than the present fan surface. 
Near station 5+50, the fan loses gradient and merges 
with the flood plain level. Bed 4 becomes more mottled, with 
a grayish brown (10YR 3/2) matrix color. In this vicinity 
an erosion surface separating bed 3 and bed 4 is marked by 
a tnin lag zone of gravel-size carbonate nodules. Bed 3 is 
distinctly lighter in color than bed 4, with a more yellowish 
brown (2.5Y 5/4) color and grayer mottles than occurred higher 
on the fan. Kennebec silt loam integrading to Napier silt 
loam soil is found beneath the modern sediments in this loca­
tion. 
Going from station 5+50 to station 7+50, bed 4 changes 
quite distinctly. At the latter location, the sediments are 
gray to dark gray (10YR 5/1-4/1) with abundant mottles below 
11 feet. Bed 4 is a light silty clay loam texture and appears 
quite compact and hard when dry. Vertical cracks appear in 
the dry face of the cut, and the material slumps off the face 
in large vertically oriented chunks. The soil profile at the 
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top of bed 4 is an intergrade between a Kennebec silt loam 
and a Colo silt loam profile. The character of bed 3, exposed 
below the erosional contact with bed 4, is similar to that 
described for bed 3 at station 5+50. It is a yellowish brown 
(2.5Y 5/4), mottled, friable and calcareous silt loam. 
At station 9+44, the upper part of bed 4 is similar to 
that at station 7+50, but the texture is a heavy silt loam 
rather than a light silty clay loam. A Kennebec silt loam 
soil profile occurs in the upper part of the exposure here. 
The lower part of bed 4 is a light silt loam, showing strata 
of light and dark gray with a moderate amount of organic 
material. In the base of bed 4 at this point is an accumu­
lation of wood identified as hardwood, in an apparent former 
channel occurring as a sharp depression in the erosion surface 
between beds 4 and 3. A sandy lense occurs below the wood in 
this channel at the base of the exposure. 
Between station 9+44 and 11+49, the upper part of bed 4 
remains grayish in color, but becomes a friable light to 
medium silt loam. The lower part of bed 4 remains stratified 
and is similar to the last position described. The soil In 
the upper part of bed 4 along the transect from station 11+49 
to station 13+26 is Kennebec silt loam, variant A, associated 
with the land form designated as alluvial ridge in this study. 
The contact between beds 4 and 3 is an erosion surface marked 
by a lag zone of carbonate nodules. Bed 3 is a gray (10YR 5/1) 
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highly mottled and calcareous silt loam. 
A sample of wood was taken from bed 1 exposed in the 
Willow Ditch Just north of the junction with the waterway 
along which traverse A-A' lies. This wood,* sample W - 881, 
was identified as spruce and its age was determined to be 
14,300 + 250 radiocarbon years (Table 3). This sample was 
emplaced about 12 feet below the top of bed 2, shown in the 
cross section A-A1. 
b. Traverse B-B' This traverse is located down 
valley about one-fourth mile from traverse A-A1 (Figure 5). 
Traverse B-B1 is a deep boring traverse and points of ob­
servation are marked on the contour map. This traverse starts 
near the valley wall at the apex of a rather small alluvial 
fan with a moderately high surface gradient (3-4 per cent), 
crosses a slack water flood plain land form, and terminates 
on the natural levee of the Willow River Channel. Soil pro­
files 10 and 11 were collected on this traverse. Their loca­
tions are shown in Figure 3, and detailed descriptions are 
given in the Appendix. 
In the plot of traverse B-B1 (Figure 5), the texture 
other than silt loam and depth to carbonate are shown. Lower 
bed contacts were not indicated because the contacts were 
*D. W. Bensend, Forestry Department, Iowa State Univer­
sity of Science and Technology, Ames, Iowa. Private communi­
cation. 1959. 
Figure 8. Cross sections of the natural channel of the Willow 
River in two locations 
Shown are the channel configuration, the alluvial bed 
distribution texture other than silt loam,and the nature 
of the bed surfaces. Section H-H1 is located in Harrison 
County along cross-valley profile C-C' and indicated by x's 
(Figure 2). Section G-G-' is located in Study Area 1 in 
Harrison County, where the Willow Drainage Ditch crosses 
the natural channel (Figure 7). Elevations are approximate 
distance above sea level. The difference in horizontal 
scale between the two sections is to be noted. SiCL = 
silty clay loam. 
SPOIL BANK 
' SPOIL 
BANK 
ORGANIC if ONE 
r^ouioN surface 
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either not penetrated or were not identifiable by examination 
of a 1-inch diameter probe sample. From the observations in 
cross section A-A1, it would be expected that information from 
a probe sample on the contact between bed 3 and bed 4 would 
not be very satisfactory. 
A shallower depth to carbonates was noted on the higher 
portion of the fan and in the immediate vicinity of the chan­
nel , than in other parts of the traverse. The finer textured 
sediments along traverse B-B1 occur mainly in the upper por­
tion of bed 4. The color relationships noted along this 
traverse were similar to those along cross section A-A'. 
Stratification and organic remains were not encountered except 
in the natural levee position. / 
c. Traverse C-C' This deep boring traverse, shown 
in Figure 5, extends down the approximate center of a large 
alluvial fan and across the flood plain to the Willow Ditch. 
The main flood plain portion of the traverse was described 
along the entrenched stream bank as indicated on the contour 
map (Figure 5). One soil profile (No. 5), was collected 
along traverse G-G1 . The detailed description is given in the 
Appendix. The site of profile 5 is approximately half-way 
down the fan surface as shown on the soils map of Area 2 
(Figure 3). The fan surface extends upward at a low gradient 
(2-3 per cent) into a wide embayment between the forward 
points of the valley wall. 
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The probe borings of traverse C-C1 on the fan surface 
exhibited characteristics similar to the cross section A-A' 
and the traverse B-B1. The depth to carbonates did not be­
come shallower going up the fan as in traverse B-B'. Mottling 
of the sediments did increase in the borings at the lower 
part of the fan. Along traverse C-C, in the flood plain 
portion at the lower end of the traverse, a vertical section 
was exposed. There, the beds below bed 4 were correlated 
with beds 3 and 2 by the previously noted reconnaissance 
tracing from the Thompson Creek area. The soil types at the 
surface of bed 4 on traverse C-C1 are Napier silt loam on the 
fan, and Kennebec silt loam on the flood plain. 
d. Traverse E-E1 Deep boring traverses were also 
made in Study Areas 4 and 5 (Figure 6). In Area 5, which is 
in Crawford County, deep boring traverse E-El extends from 
a fan surface at one side of the valley, across a very narrow 
flood plain, and up a fan surface on the opposite side. The 
fan on the southeast end of the traverse is the site of soil 
profile 14, a detailed description of which is given in the 
Appendix. 
Along this traverse, the borings on the alluvial fan 
parts were very similar in appearance to those made in Area 
2, except that a water table was encountered at about 10 feet 
In depth. Below this depth, the colors were grayish brown 
hues (2.5Y 5/2-6/2), with much mottling. Along the flood 
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plain part, bed 4 sediments were adjudged to be similar in 
color to those described along traverse A-A' in Area 2. How­
ever, in traverse E-E', a water table was encountered at 8 or 
9 feet below the surface. A layer of silty clay loam occurred 
in bed 4 as shown in the plot (Figure 6). 
The correlation of the lower bed along traverse E-E' as 
bed 2, with bed 3 adjudged to be absent, was made according 
to results of a reconnaissance tracing noted earlier of the 
bed distribution in the Willow Valley. 
The contact between bed 2 and bed 4 was considered to 
be an organic zone with black to very dark gray (N 2/0-3/0) 
colors, with some greenish mottling. Bluish and greenish 
colors were characteristically found below this organic zone. 
Although the organic zone was always at the contact its uneven 
configuration is interpreted to indicate that it is at least 
partially an erosion surface cut by channel shifting. 
In the traverse location on the left side of the stream 
looking north, the bank is somewhat lower, indicating perhaps 
a recent shift of the channel. A boring in the sediments in 
this position showed them to be an organic zone extending 
to the depth of bed 2• Carbonates were closer to the surface 
at this point than in the rest of the valley. These charac­
teristics, and its position are interpreted to indicate that 
this material is a recent channel fill. 
The silty clay loam area and the partial extension of the 
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organic zone under the edge of the fan slope are interpreted 
as indicating that the south fan has been extended outward 
over a small portion of a former flood plain. 
e. Traverse F-F' This traverse, in Area 5 (Figure 
6), is a short deep boring traverse across the valley from 
the stream channel at F1 to the edge of the upland at F. This 
traverse crosses a slack water deposition area extending from 
the edge of the upland to the vicinity near the stream chan­
nel, where a low relief narrow natural levee can be dis­
tinguished. The levee is only intermittently present, and 
for the scale used is not mappable in this part of the Willow 
Valley. As plotted, the surface configuration of this 
traverse shows that nearly level areas do occur in the flood 
plain near the headwaters of the Willow Valley. The stream 
valley floors in this part of the watershed often appear to be 
quite level, in contrast to the tributaries of the central and 
lower parts of the Willow Valley. Traverse F-F1 lies in an 
area protected on the upstream side by a terrace remnant ex­
tending into the valley. As a result it is not subject to 
side valley waterway alluviation (Figure 3). As shown in 
Figure 6, beds 6, 4, and .2 are recognized in traverse F-F1. 
The depth and configuration of the organic zone, which is 
considered to mark the top of bed 2 in this traverse, are 
more regular but otherwise similar to those described in 
traverse E-E1 (Figure 6). The water table was found at depths 
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of 6 to 7 feet along this traverse. Bed 4= is predominantly 
a medium to heavy silty clay loam, but is silt loam near the 
stream. The soils formed in the upper part of bed 4 are 
mainly Colo silt loam, though some Kennebec silt loam was 
mapped near the stream channel. 
Sediment colors in bed 4 are grayish and mottled, but 
do not appear to have been Intensely gleyed. The organic 
zone at the top of bed 2 is underlain by sediments which have 
greenish colors. Such colors generally are considered to be 
indicative of intense reducing conditions. This organic zone 
is more than 6 feet thick in the area of the traverse nearer 
the valley wall. Nearer the stream channel it is only 2 to 
3 feet thick. 
f. Traverse D-D' In Study Area 4, deep boring 
traverse D-D' extends from the upper portion of a. moderately 
large fan of rather low gradient (2 to 3 per cent), across a 
relatively large area of slack water deposition, to the 
natural levee along the channel of the Willow River (Figure 
6 ) .  
Soil profiles 13, 16 and 17 were collected along this 
traverse. Detailed descriptions are given in the Appendix. 
A number of samples were also collected to determine distribu­
tion of particle size of the surflcial deposits, utilizing a 
number of sizes of the Wentworth Scale (61). The results of 
this study will be reported In the part of this report dealing 
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with laboratory results. 
From probe borings, bed distribution in the flood plain 
is very similar to that found in traverse F-F1, Area 5. Bed 
4 overlies bed 2. The top of bed 2 Is marked by a strongly 
expressed organic zone. This zone is underlain by sediments 
with greenish color hues. Bed 4, on the flood plain, is 
thicker in this area than in Area 5. The correlation of beds 
in this area is based on the previously noted reconnaissance 
tracing from the type locality of these beds in Harrison 
County. 
The distribution of the finer textured sediments along 
much of traverse D-D1 is limited to bed 4. The colors of the 
sediments along this traverse are very similar to those of 
traverses E-E1 and F-F1 In Area 5. In the slack water portion 
gray colors predominate and in the fan portion brownish and 
yellowish colors are dominant. The water table was encounter­
ed at a depth of 12 feet on the fan and at 7 or 8 feet in the 
flood plain. Where the depth to carbonate becomes shallow, 
silty clay loam sediments with abundant small calcareous snail 
and clam shells are found. This soil condition has been re­
corded on the soil maps of the study areas as unit -4 (Figure 
3). 
Near the stream channel the texture of bed 4 Is silt 
loam. On the natural levee, the depth to carbonates is less 
than in the adjacent flood plain. 
In addition to the main traverse borings, deep borings 
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were made at the points Indicated by datum symbols on the con­
tour map (Figure 6) . These additional borings corroborate 
the textural and color relationships between the land forms, 
soils, and topography, shown from the main traverse D-D1 . 
In the boring on the small, high relief fan next to the up­
lands, carbonates occurred at a depth of 11 feet. 
g. Section G-G' Cross section G-G' is a scale draw­
ing of the natural channel of the Willow River (Figure 8). 
It is located on the east bank of the Willow Ditch in Area 1 
where the natural channel is Intersected (Figure 7). 
In section G-G' , in the upper part of bed 4 sediments, 
there is a weakly developed soil profile. It Is Included 
with Kennebec silt loam, variant A. Bed 4 sediments are dark 
gray (10YR 3/1-4/1), light to medium silt loams and are cal­
careous below 3 to 5 feet. The color varies with the amount 
of organic matter present. Bed 3 is absent. The contact 
between bed 4 and bed 2 Is an uneven erosion surface with a 
lag zone of carbonate nodules. Bed 2 is similar to bed 4 in 
texture and color. Bed 1 has an organic zone with raw woody 
material at its surface. Its texture varies from silt loam 
to light silty clay loam. Bed 5 is a gray to dark gray, 
stratified, calcareous light silt loam fill within the chan­
nel, but contrasting in color with the modern sediments (bed 
6) above It. 
The section shows that the channel has cut to its great­
98 
est depth (23 feet) at its present location in the section. 
A somewhat earlier, temporary down-cutting is recorded by 
the sag in the erosion surface to the left of the present 
channel (Figure 8). 
h. Section H-H' Section H-H1 is located along cross-
valley profile C-C1 and its location in this profile is indi­
cated by "x's" (Figure 2). 
This section is similar in most respects to section G-G' 
described above. One of the main differences shown is the 
absence of the erosion surface at the base of bed 4 to the 
right of the channel. Bed 3 is present In this section. The 
lack of an erosion surface, the presence of bed 3, and the 
occurrence of the multiple sequence of organic zones with the 
appearance of burled soils, suggest that the channel has not 
migrated to the right of its present position during the 
deposition of beds 4, 3, and at least the upper part of 2. 
A sharp textural break in the lower part of bed 2 may Indicate 
an earlier shifting of the channel. 
Aside from the slight asymmetry of profile, the bed 5 
relationships are essentially as described for cross section 
&-G' above. 
5. Topographic measurements 
Topographic surveys were made in selected parts of Study 
Areas 1, 2, and 4, In addition to the general cross-valley 
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profiles (Figure 2). Maps of these surveyed areas were con­
structed at a contour interval of 5 feet (Figures 5, 6, and 
7). In addition, in Area 1, the survey of the flood plain 
portion was constructed at a contour interval of 1 foot 
(Figure 7). 
On these maps the solid line contours show the pre-
cultural surface configuration of the study areas. The pres­
ence of modern sediments Is indicated also by equal thickness 
lines (dashed lines) in the enlarged portion of Area 1 (Figure 
7). The present surface elevations are the sum of the two 
contours in this portion of Area 1. Thus the contour map 
shows the. pre-cultural surface, the present surface and the 
thickness of modern sediment. 
a. Area 1 In Figure 7 are shown details of a top­
ographic survey of a portion of Area 1. The area surveyed 
is transverse to the valley length. It includes an extensive 
fan surface on the east side which merges with an area of 
slack water deposits in the flood plain. The natural channel 
is included with its associated slight ridge, apparently 
formed mainly by natural levees. The elevation of the levee 
drops off rather abruptly to an area of slack water deposi­
tion on the west side of the channel. At the west side of 
the valley, Just beyond the end of the survey area, lies a 
terrace. Only a narrow band of slope wash accumulation occurs 
at the base of the terrace edge. The west side of the valley 
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in this vicinity has apparently been protected by the terrace 
from alluviation by side-valley waterways and tributaries. 
The nature of the surface of the large fan is of inter­
est. This fan is actually a coalescence of deposits from 
several waterways. Some of these waterways have joined, but 
several have maintained separate channels to the flood plain. 
The waterways have become incised into the upper fan surface. 
The alluvial ridge of the natural stream channel is a 
few feet above the flood plain level of the slack water areas. 
West of the Willow Drainage Ditch, the channel swings across 
the flood plain to near the terrace edge. A shallow basin 
lies up valley from the natural levee as shown on the map 
of the pre-cultural topography (Figure 7). In this depres­
sions.! area the pre-cultural sediments are medium to heavy 
silty clay loam. They are also highly calcareous, contain­
ing many clam and snail shells. Local residents report that 
this area was a swampy area with a growth of willow brush 
before the drainage ditch was dug. 
The deposition of modern sediments has modified the 
topography in this area to a marked degree. The general 
effect has been one of leveling out the differences in relief 
across the flood plain and an extension of the apparent lower 
fan surface somewhat. These effects were reported in more 
detail In a previous section in which modern sediments were 
discussed. 
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b. Area 2 The contour map of Area 2 (Figure 5) indi­
cates the same general relationships as Area 4. The smaller 
fans have a somewhat steeper gradient than the fans of greater 
extent. The slack water area, shown In Figure 3, extends 
close to the upland slope where fan development has not 
occurred. However, it is to be noted that this slack water 
area has a slight slope down stream and across the valley. 
c. Area 4 The major topographic relationships in 
Area 4 are expressed in the plot of traverse of D-D' (Figure 
6). This traverse illustrates the concave upward profile of 
the fan surface gradually merging with the flood plain, the 
flatness of the slack water area, characterized by finer tex­
tured sediments and the slight but definite rise in elevation 
near the natural channel of the river. The contour map indi­
cates that the small fans below the valley-slope waterways 
have a steeper gradient than the larger fans developed where 
the larger sub-watersheds join the valley. It should be noted 
that the relatively flat flood plain area extends close to the 
valley wall between the two large fans. The slack water 
deposits extend into this area as shown in Figure 3. 
C. Summary and Interpretation of Field Information 
. The field Information presented in the preceding sections 
is summarized below and certain inferences are drawn concern­
ing its importance to soil formation and distribution. 
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1. Age of surficial sediments 
The Information in various cross sections and deep bor­
ings (Figures 5, 6, 8) is interpreted to indicate that all 
of the alluvial land forms of the valley have aggraded ex­
tensively. Much of this aggradation occurred between 250 and 
1800 years ago according to data in Table 3. This aggrada­
tion produced bed 4 which has a thickness of about 10 to more 
than 15 feet, in the flood plain and on the alluvial fans in 
all areas studied. This bed composes the main part of the 
pre-cultural surficial sediments and the land forms are 
mainly expressed in bed 4 sediments. Most of the soils of 
the pre-cultural surface are developed in the upper part of 
bed 4 sediments. 
Bed 5 sediments are apparently confined mainly to a 
slight aggradation of the natural channel. However, some 
over bank deposition and accumulation at the surface of the 
flood plain probably occurred up to the time of settlement. 
Bed 6 is considered to have been deposited primarily in 
post-settlement time and its deposition Is related mainly to 
cultural features and events. The extensive areas of soils 
developing in these materials have almost no age from a soil 
genetic view. The irregular distribution of this material, 
its variable nature, and the presence of dark colored buried 
soils are considered evidence that the post-settlement age 
interpretation is correct. 
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2. Character of distribution of 
sediments and land forms 
The nature of the sediments in various land form positions 
has been described in sections and deep boring traverses, and 
is partly illustrated in Figures 5, 6, and 8. 
Information obtained in these studies is Interpreted to 
indicate that the alluvial fan land forms have persisted in 
approximately their present relationship to the flood plain 
during deposition of bed 4 and perhaps earlier. Apparently 
they have been aggraded to about the same degree as the flood 
plain. Fan sediments are very uniform in character; they are 
weakly or hon-stratified, and have naturally well-drained 
soil profiles. Similar conclusions have been reported for 
much of the alluvial fan positions in Thompson Creek, tribu­
tary to the Willow River, from an extensive study of the allu­
vial fills in that watershed (17). 
In the flood plain land forms, bed 4 sediments are more 
variable. The common presence of the erosion surface between 
beds 3 and 4 or 2 and 4 is interpreted to mean that channel 
shifting in the flood plain has caused a cut and fill type 
of deposition to take place. Thus, the sediments near the 
channel may be partly deposits of lateral accretion, but as 
natural levees are present, it seems most of the surficial 
sediments near the channel are the result of over bank deposi­
tion. 
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The occurrence of thick finer textured deposits in parts 
of the flood plain is considered evidence of the persistence 
of these areas as locations of slack water deposition during 
most of the time of bed 4 formation. 
There is a trend for carbonates to be closer to the sur­
face in the natural levee position than the rest of the flood 
plain. This trend was mentioned in the literature review as 
occurring in other parts of the world. Butler (8a) considered 
the presence of carbonates to be diagnostic of levee positions 
In flood plain sediments of medium texture. One interpreta­
tion is that the sediments are of more recent origin because 
of channel shifting and thus, have not been leached. Whether 
the origin of sediments near the channel was primarily by 
lateral accretion by channel shifting, or vertical accretion 
In natural levees, would be difficult to determine from the 
nature of sediments. Difficulty in evaluating origin of 
deposits near the channel has been pointed out previously in 
the literature by Wolman and Leopold (68). 
3. Topographic expression of land forms 
The transverse topographic configuration of the larger 
alluvial fan surfaces is slightly convex near the outer 
edge, and is nearly plane in the middle portions where con­
fined by forward points of valley walls or coalesced with 
another fan. The surface gradually becomes concave as the 
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tributary valley Is entered. The fan surface Is normally 
gently concave upward in long profile. 
The presence of flood plain lows in areas of slack water 
deposits is demonstrated in Areas 4 and 1 by the topographic 
studies (Figures 6 and 7). The natural levees are shown to 
be several feet higher in elevation on the pre-cultural sur­
face than the adjacent slack water areas of the flood plain. 
This difference in relief would be expected to influence the 
natural drainage of soils developed on this land form. 
The relation of the topography of the land forms to the 
distribution of modern sediments has been shown in detail in 
one area (Figure 7). Points of maximum accumulation are the 
outer margins of the alluvial fans where side-valley water­
ways are active, or the flood plain lows in the absence of 
side-valley waterways. The irregular distribution and re­
action of the modern sediments has been discussed and is 
shown in Figure 4. 
4. Distribution of land forms in the study area 
The distribution of the land forms in each of the study 
areas has been shown In Figure 3. Their distribution in the 
various parts of the watershed demonstrates that local vari­
ations in flood plain width and valley physiography perhaps 
have more control over the location of slack water areas than 
the geographic location of the area in the valley. Textural 
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differentiation of sediments has occurred in the smaller head­
water tributaries (Area 5) as well as In the main valley. 
Slack water areas appear to occur most often in positions 
which are protected from side-valley and tributary waterway 
alluviation. In places the slack water areas and the alluvial 
ridge are adjacent and the change in sediment character Is 
rather abrupt. In other places the transition takes place 
over a comparatively long distance. These variations are 
Interpreted as probably being related to shifting of the chan­
nel . 
The alluvial ridge (natural levee) area becomes progres­
sively less distinct as the valley and river decrease in size 
upstream. Proximity to the stream is shown to continue to 
have a definite influence on the texture of sediments in the 
valley as far upstream as Area 5 (Figure 4). 
The alluvial fans comprise a considerable portion of the 
alluvial area in all parts of the valley. They are the pre­
dominant deposit in the narrow upper valley. In the lower 
valley the fans are perhaps more extensive because of the 
larger tributaries, but they form a smaller porportion of the 
alluvial area. 
It is perhaps questionable to carry the land form dis­
tinction into the tributary in Area 5. The designation of 
the slack water areas in this tributary was based on the 
heavier texture and poorer natural drainage exhibited by the 
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pre-modern sediments. The fan boundaries were delineated on 
the basis of a change from convex to concave positions and 
decrease in slope gradients. 
5. Soils and sediments 
In the soils of the pre-cultural surface of the valley 
a strong or overthickened A% development has occurred in soils 
on all positions, except near the stream channel in some 
locations on the alluvial ridge. These locations show a 
moderate to weak Aj development. 
Textural differences between the soils appear to be 
primarily a parent material factor controlled by depositional 
differences between land forms. Colo soils occur in the 
slack water flood plain land forms, the Napier silt loam on 
alluvial fans, the Kennebec silt loam on transition posi­
tions and the Kennebec silt loam, variant A on alluvial 
ridges. 
Structural or ped development has taken place, but is 
generally weak. The strongest ped development has occurred 
in the finer textured soils. The weakest ped development 
has occurred in the coarser textured soils associated with 
the alluvial ridge. 
The soil profile colors reflect natural drainage differ­
ences associated with position. The Napier silt loam profile 
colors indicate natural well to moderately well-drained con­
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ditions. The Kennebec silt loam profile colors reflect im­
perfect natural drainage, and the Colo silt loam profile 
colors are considered to reflect imperfect to poor natural 
drainage. The Kennebec silt loam, variant A profiles have 
colors indicative of moderately well-drained natural condi­
tions. 
Few of the morphological features of these soils, other 
than the A^ features, are strongly expressed. Variations in 
expression of all of the morphological features distinguished 
in these soils appear to be associated, in some degree, with 
position on the different land form types. 
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V. LABORATORY INVESTIGATIONS 
Eighteen profiles were sampled in the five study areas 
for laboratory analysis. The locations of these sample sites 
and their relationships to the alluvial land forms are sum­
marized in Table 2. 
Additional samples, taken along traverse D-D' in Area 4 
(Figure 6), were analyzed for particle size distribution 
according to the Wentworth size scale. The results of these 
analyses will be reported in this section. 
A. Arrangement of Profile Data by Groups 
The procedures of laboratory analysis were reported pre­
viously. The results of these determinations are presented 
in Table 5 in the Appendix. The data are organized into four 
groups of profiles according to important aspects of the pur­
poses of sample site selection. These purposes were mentioned 
previously in the discussion of selection of sampling sites. 
Data of profile 1 are included in Table 5 with Group IV, 
though this profile is not considered a member of any of 
the four groups for discussion purposes. Profile 2 is a 
loess-derived Monona silt loam profile sampled adjacent to 
Area 2. Data of profile 2 are included with Group I for 
comparison with the alluvium-derived soils of this study. 
Group I includes four unit -5 profiles of Napier silt 
loam. Profiles 7 and 18 are from high and low positions, 
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respectively, on a single alluvial fan in Area la; profile 
12 from Area 3 and profile 14 from Area 5 complete Group I. 
Profile 5 from Area 2, and profile 13 from Area 4 are also 
profiles of Napier silt loam, but are included in Groups II 
and III for comparison with other soil types. 
Group II, in addition to profile 13 (unit -6), includes 
a Kennebec (unit -2) soil - profile 16, a Colo (unit -3) 
soil - profile 17, and profile 9, a Kennebec variant A (unit 
-1) soil. The latter profile is from Area 1 and the first 
three soils are from Area 4. These four profiles are con­
sidered to be a sequence of profiles on the four land form 
types described previously. 
In Group III are four profiles which form a position 
sequence in Area 2, similar to the sequence in Group II. 
These soils are: a Napier (unit -6) soil - profile 5, a Colo 
(unit -3) soil - profile 10, a Kennebec (unit -2) soil -
profile 3, and a Kennebec, variant A (unit -l) soil - profile 
11. Profile 3 was sampled in a flood plain position rela­
tively near the natural levee. The comparable Kennebec 
(unit -2) profile in Group II was from a flood plain position 
transitional between an alluvial fan and an area of slack 
water deposition. 
Group IV includes four profiles that have in common the 
presence of more than 20 inches of light colored surficial 
sediments, and are thus included with the McPaul-Nodaway 
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complex- Profiles 8 and 15 have a heavy silty clay loam or 
silty clay strata in the upper part and are indicated on soil 
maps by a small t subscript added to the first number of the 
two-digit symbol, for example (3t-4). Profile 15 from Area 
1 is underlain by a (unit -4) calcareous silty clay loam 
soil. Profile 8 from Area la has a burled (unit -3) Colo 
soil in the lower profile. Profile 6 from Area 5 has a 
(unit -2) Kennebec soil beneath the modern sediments. Pro­
file 4 from Area 3 was sampled on a natural levee position 
and has a buried Kennebec, variant A (unit -l) soil in the 
lower part. 
In the following sections the results of each laboratory 
determination are reported in relation to the groups of pro­
files described above. The graphic presentation of data 
also follows this organization of the profiles into groups. 
B. Laboratory Results 
1. Per cent base saturation 
The per cent base saturation are presented in Table 5 
in the Appendix and plotted in Figure 9. 
The base saturation for the soils in the study areas is 
uniformly high, as might be expected for recent alluvium-
derived soils In a region of calcareous loess deposits. 
a. Napier profiles The per cent base saturation of 
the four Napier silt loam profiles (unit -6) shown in Groups 
Figure 9. Per cent base saturation with depth for the 
four groups of alluvium-formed soils and 
profile 2, Monona silt loam 
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I, II, and III, Figure 9, was about 80 to 95 per cent through­
out the profiles. In profile 18 the overwaeh of light 
colored sediments, curiously enough, was slightly lower in 
base saturation than the rest of the profile. All the pro­
files increased in per cent base saturation with depth, but 
only profile 7 became 100 per cent saturated. The lowest 
substratum sampled at about 90 inches in this profile was 
calcareous. 
b. Group II Profile 13 is the only Napier profile 
showing appreciable base unsaturation. This profile, as 
plotted in Group II, Figure 9, shows values of less than 80 
per cent base saturation to greater than 20 inches in depth. 
The Kennebec silt loam, profile 16 and the Colo silt loam, 
profile 17 plotted in Group II, Figure 9, show a variation 
in per cent base saturation with depth similar to profile 13, 
but are not as low in value nor do they remain unsaturated 
to the same degree, to as great a depth. 
c. Group III Profiles 5, 3, and 10, respectively, 
in Group III from Area 2 show a higher per cent base satura­
tion than the comparable profiles 13, 16, and 17 from Area 
4, shown in Group II. 
d. Group IV Per cent base saturation was determined 
only for profile 15 in Group IV. Soils in Group IV are con­
sidered members of the McPaul-Nodaway silt loam complex. The 
surficial sediments of profile 15 were non-calcareous to a 
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depth xof 19 inches and were weakly calcareous below this 
depth. These upper sediments were nearly 100 per cent base 
saturated throughout. The burled soil underlying the modern 
sediments was a highly calcareous silty clay loam and was, 
of course, 100 per cent base saturated. 
2. ]dH 
The pH values of the 18 profiles are presented in Table 
5 and are plotted in Figure 10. The pH values for the soils 
reflect the same trends as noted for the per cent base satura­
tion. 
a. Napier profiles The Napier (unit -6) profiles 7, 
5, 12, 13, and 14, in that order, form a sequence of well-
drained alluvium-derived soils extending from the lower end 
to the headwaters of the Willow Valley. In this sequence of 
soils there is a trend for pH to decrease going up valley. 
The upper part of profile 14 is modern sediment which explains 
the higher pH in the upper samples. 
b. Group II In Group II profiles, the pH of the pro­
file evidently is related to base saturation. Fairly low pH 
values were found for the soils in this area. Profile 9, 
sampled in a natural levee position in Area 1, shows a neutral 
pH in the over wash horizons, with only a slightly lower 
value in the underlying soil, and an increase in the calcar­
eous substratum. The well-drained Napier profile 13 has the 
Figure 10. Depth distribution of pH for the four groups 
of alluvium-formed soils and profile 2, 
Monona silt loam 
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lowest pH and base saturation values. The Colo silt loam, 
profile 17 is the most poorly drained of the group and has 
higher pH and base saturation values than Napier and Kennebec 
profiles, numbers 13 and 15, respectively. 
c. Group III The sequence of soils from Area ?.. 
(Group III) have uniformly high pH values throughout the 
profile, a contrast with the tendency to be lower in pH in 
the upper sola shown by the Group II profiles in Figure 10. 
The relative pH values for the different soil types are in a 
somewhat different order than in Group II. In Group III, 
Colo silt loam, the most poorly drained of the group, has 
lower pH values than the Napier silt loam, profile 5. This 
contrasts with Group II profiles where the Napier profile has 
lowest pH values. The pH values in the noncalcareous sub­
strata are very close for the soils in both groups. The cal­
careous substrata of profile 11 and profile 9 of Group II and 
III profiles, respectively, are reflected in their rather 
high pH values. 
d. Group IV The Group IV profiles have pH values 
which reflect variations in both the overlying modern sedi­
ments and in the buried soils. This group of profiles are 
of the McPaul-Nodaway complex. Profile 6 of Area 5 has the 
lowest pH values both in the overwash and in the underlying 
soil. It is interesting to note in this profile that resatu­
ration of the surface layer of the buried soil has not 
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occurred. This layer is the 30 to 40 inch depth (Figure 10). 
The high pH values of the buried soil in profile 15, namely 
the 24 to 80 inch depth (Figure 10), reflects the apparently 
original highly calcareous condition of this buried soil. A 
similar condition has caused high pH values for profile 1, 
Table 5. 
3. Organic carbon 
The results of the organic carbon analysis are given in 
Table 5. The organic carbon distribution with depth is 
plotted in Figure 11. 
a. Napier profiles The six Napier silt loam (unit 
-6) profiles all show a decrease in organic carbon with depth 
in the profile. The main deviations shown are in the surfaces 
of profiles 18 and 14 which have somewhat lower contents due 
to deposition of modern sediments. Profile 5 also shows a 
lower organic carbon content in the plow layer, probably due 
to slight mixing of modern sediments in this horizon. The 
second sample from the surface in profile 18 which has a 
slightly lower organic carbon content than the third sample, 
probably is also a slightly mixed, buried plow layer. 
The fact that profile 13 is from a virgin (non-cultivated) 
site, probably explains the high organic carbon content in the 
uppermost sample. 
If the Napier silt loam profiles are all plotted with the 
Figure 11. Depth distribution of organic carbon for the 
four groups of alluvium-formed soils and 
profile 2, Monona silt loam 
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maximum organic carbon content at the same depth, a tendency 
appears for profiles 13 and 14 from the upper end of the 
watershed to have higher organic carbon values to a greater 
depth in the profiles. The samples below 90 inches have 
nearly the same value in all six profiles. 
b. Group II The position sequence of Group II pro­
files from Area 4 show a nearly identical distribution of 
organic carbon with depth. Kennebec silt loam, profile 16 
has slightly higher organic carbon values in the subsoil than 
does the subsoil in the Napier and Colo profiles, numbers 13 
and 17, respectively. 
The Kennebec silt loam, variant A, profile 9, collected 
from the levee position in Area 1, has lower organic carbon 
contents both in the modern surficial sediments and in the 
buried soil profile. The organic carbon values in the sub­
strata of the profiles in Group II are, again, nearly iden­
tical. 
c. Group III In Group III profiles, there is more 
variability in the organic carbon content of the surface hori­
zons. The mixing of modern sediments in the Ap horizons of 
these soils would explain the lower values shown for the sur­
face samples. The Kennebec silt loam, profile 3, definitely 
has a lower organic carbon content than the Napier and Colo 
profiles, numbers 5 and 10, respectively. Profile 3 was from 
the flood plain;, not too far from the channel of the river, 
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and reflects a tendency for soils near the channel to be lower 
in organic carbon content. Profile 11, a. Kennebec silt loam, 
variant A soil, collected on the natural levee, also has 
lower organic carbon content. 
d. Group IV Soils of the McPau1-Nodaway complex, 
Group IV, have a more variable organic carbon content than do 
profiles of Groups II and III. The upper layers of this group 
of profiles consists of modern sediments, and in these layers 
organic carbon values are the lowest in each profile. The 
36 to 60 inch layer, Table 5, generally is the buried soil, 
and here organic carbon values are high. An abrupt increase 
in organic carbon content in the upper part of these profiles 
is accompanied by a marked increase in clay content, especial­
ly in profiles 8 and 15. In profile 8 the fine textured 
stratum was part of a questionable, but morphologically iden­
tified, buried A^. In profile 15 the stratification was with­
in the modern sediments above the buried soil. In the buried 
dark colored soils, the organic carbon decreased with depth, 
a phenomenon common to profiles in Groups I, II, and III. In 
profile 8 there may be a second buried soil below 60 inches. 
4. Total nitrogen and C:N ratio 
The total nitrogen data are reported in Table 5. As 
might be expected, the total nitrogen data show essentially 
the same distribution within profiles and a similar variation 
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between profiles as does the organic carbon. Reference to the 
organic carbon data discussion above is suggested for a sum­
mary of these relationships. The carbon : nitrogen ratios are 
somewhat variable and averaged rather high for most samples. 
The Napier profiles, numbers 5, 7, 12, 13, 14, and 18, 
for the most part show a decrease in C:N ratios with depth 
in the profile. Profile 13, from a virgin site, had a C:N 
ratio of 15.3 in the surface. The ratio decreased with depth 
to a value of 9.8 in the lower substratum. The two Kennebec 
profiles, numbers 3 and 16, show some tendency to have lower 
0:N ratios in the substratum than in the surface horizons. 
The Colo profiles, numbers 10 and 17, do not show a trend 
for decreasing C:N ratios with depth. 
A tendency is noted for the modern sediments to have a 
slightly lower C:N ratio than the underlying dark colored 
buried soil. Profiles 6 and 4 illustrate this tendency. 
5. Free iron oxide 
The free iron oxide contents of the profiles analyzed are 
presented in Table 5 and are plotted in groups of profiles in 
Figure 12. 
a. Napier profiles The six Napier soils show a vari­
ation of free iron content between individual profiles. These 
are Group I profiles, and profile 13 and 5 of Group II and 
III, respectively (Figure 12). In general the distribution 
Figure 12. Depth distribution of "free11 iron oxide for the 
four groups of alluvium-formed soils and 
profile 2, Monona silt loam 
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within these profiles was rather uniform. Profile 18 has a 
rather high free iron oxide content in the A% below the over-
wash. Profile 12 shows a slight increase in one subsoil 
sample. These values may mean mobilization and movement of 
iron oxides into this layer. In profile 5 from Area 2, the 
iron oxide content is lower than in the other Napier profiles, 
except in the lower substratum. 
b. Group II In Group II the Napier profile, number 
13 has highest free iron oxide values, the Kennebec profil^, 
number 16 has intermediate values and the lowest values are 
in the Colo profile, number 17. The free iron oxide contents 
of these Kennebec and Colo profiles decreased from the upper 
horizons to the substratum. The Kennebec silt loam, variant 
A, profile 9 had a uniformly low free iron content, with only 
a slight decrease in the burled soil, as compared to the over-
wash. 
c. Group III In Group III profiles, free iron oxide 
values tended to be lower than for profiles of Group II. The 
exception was profile 11, a Kennebec, variant A profile from 
the natural levee position. The comparable soil, profile 9, 
in Group II was lowest in the group In free iron content, 
whereas profile 11 is highest in Group III. 
In the Group III sequence, the Napier soil, profile 5 was 
again higher in free iron oxide than the Colo or Kennebec 
soils, profiles 10 and 3, respectively. The latter two are 
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reversed as compared to these soils in Group II, but the 
values are very close. The free iron oxide distribution 
within the profiles is relatively uniform. 
d. Group IV The Group IV profiles of the McPaul-
Nodaway complex show great variability in distribution of 
free iron oxide. Textural stratification appears to be one 
controlling factor of the distribution of free Iron oxide in 
these soils. In profiles 8 and 15, strong reddish mottling 
was noted in the fine textured strata which have the excep­
tionally high free iron oxide values in these soils. The clay 
content also co-varies with free iron oxide content in the 
uppermost samples from the modern sediments in these profiles. 
The buried soils in the Group IV profiles, show a great 
variation in free iron oxide. In profile 4, the buried Ken­
nebec, variant A soil is uniformly low In free iron oxide. 
A unit 4 (calcareous silty clay loam) soil occurred In the 
lower part of profile 15. The upper part of this buried soil 
had very low values, but the deepest sample had a rather high 
free iron oxide content. Profiles 6 and 8 showed a decrease 
with depth from the A^ of the buried soils. 
6. Calcium carbonate equivalent 
The calcium carbonate equivalent was determined for the 
samples that effervesced with dilute hydrochloric acid. The 
results of these analyses are reported in Table 5. 
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The samples of modern sediments that are calcareous are 
shown to have a low carbonate equivalent, generally less than 
2 per cent. This low carbonate content of the calcareous 
modern sediments was expected from their weak reaction with 
hydrochloric acid. On the other hand, the samples from pro­
file 15 of the burled soil (unit -4) and the samples from 
profile 1 (unit -5), which were strongly effervescent, have a 
high calcium carbonate equivalent. These soils have abundant 
snail and clam shells throughout the profile. Some horizons 
in these soils have a calcium carbonate equivalent of between 
15 and 20 per cent. 
7. Particle size distribution 
The particle size distribution of the 17 alluvium-formed 
soils analyzed is presented in Table 5. The percentage of 
less than 2 micron clay with depth Is plotted in Figure 13 
for each group of profiles. 
a. Napier profiles The six profiles of Napier silt 
» 
loam are very uniform In clay content, both within the group 
and with depth for individual profiles. Data for profiles 7, 
12, 14, and 18 of Group I and profiles 13 and 5 of Group II 
and III, respectively, are plotted in Figure 13. The entire 
group of samples from all six profiles, with the exception of 
the overwash on profile 18, had a maximum range of clay con­
tent of between 19 and 27 per cent. 
Figure 13. Depth distribution of less then 2 micron clay 
for the four groups of alluvium-formed soils 
and profile 2, Monona silt loam 
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Profile 18, beneath the overwash, had the maximum vari­
ation within the profile of any of the six soils. This 
amounted to a decrease of less than 4 per cent from the solum 
to the lower substratum. Profile 7 had almost this much 
variance, from a maximum at the surface, to a minimum in the 
calcareous substratum. The other profiles sampled varied even 
less with depth. No trend seemed evident for accumulation of 
clay in any part of the solum of these profiles. In profiles 
18 and 14 the overwash had 4 to 5 per cent less clay content 
than the buried A% horizon. 
The six Napier profiles show a slight but definite trend 
going up-valley for the soils and substrata to increase in 
clay content. Profiles 7 and 18, from Area la near the mouth 
of the valley, had less than 20 per cent clay in their lower 
samples, whereas profile 14, from near the headwaters of the 
valley in Crawford County, had a clay content of nearly 2.6 
per cent in the substratum. As shown by data in Table 5, the 
proportion of coarse silt (20-50 microns) in the Napier pro­
files ranges from a maximum of 57.0 per cent in profile 7 to 
a minimum of 49.6 per cent in profile 14. Thus, there is 
nearly the same percentage decrease of coarse silt up-valley 
as the percentage increase of less than 2 micron clay. The 
sand contents of all samples were negligible. 
b. Group II The data for the land form position se­
quence of profiles from Area 4 are presented in Group II, 
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Figure 13. There is a progressive increase in clay content 
going from the Napier silt loam, profile 13 on the fan, to the 
Kennebec silt loam, profile 16 on the lower fan-flood plain 
transition, to the Colo silt loam, profile 17 on the flood 
plain slack water land form. Profile 9, a Kennebec silt loam, 
variant A, from a natural levee position, is shown to be low­
est in clay content. 
c. Group III In this group is represented a land 
form position sequence of soils similar to that in Group II. 
The variation in clay content between profiles of Group III 
is very similar to that of Group II. 
The Colo silt loam, profile 10 has a lower clay content 
in the surface layer than in the subsoil. This is probably 
due to mixing of some modern sediments, as organic carbon con­
tent is also lower In the upper of Ap part of this profile. 
However, the same trend of less clay in the Upper layer is 
shown in profile 17, where the upper 20 inches has somewhat 
less clay than does the subsoil. Mixing with modern sediment 
could not account for the trend in this profile. The lower 
clay In the surface layer seemed to be the predominant condi­
tion in unit 3 soils so the unit was set up as a silt loam 
type. Clay content of the subsoil was the main criterion 
by which the Colo and Kennebec soils were separated in the 
field mapping. 
The Kennebec silt loam profiles have somewhat more clay 
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than the Napier silt loam profiles from the same study areas. 
This is evident when comparing profiles 13 and 16 of Group II, 
and profiles 5 and 3 of Group III, Figure 13. Profiles 13 and 
5 are Napier profiles and 16 and 3 are Kennebec silt loam. 
The clay content differences are about 5 per cent and are 
consistent. Kennebec soils occupy positions transitory be­
tween the slack water land form and, either the alluvial 
ridge or the alluvial fans. The Kennebec silt loam, variant 
A profiles, 9 and 11, are shown to be lowest In clay content 
of the four soil units in either of the position sequences 
(Groups II and III in Figure 13). Data presented on base 
saturation, free iron oxide, organic carbon and pH in Figures 
9, 12, 11 and 10, respectively, also show that Kennebec silt 
loam, variant A (numbers 9 and 11) differs from Kennebec silt 
(profiles 13 and 16) in more than clay content. 
The Kennebec silt loam, variant A profiles were the 
only ones in the study found to have any appreciable content 
of sand. The amounts were low however, as is shown by data 
in Table 5. In profile 11 the 60 to 95 inch layer had 8 per 
cent of sand-sized particles, the highest value of this study. 
The sand in these profiles appeared to be mostly of very fine 
sand size. 
d. Group IV According to data plotted in Figure 13 
for Group IV profiles, the two-story character of these pro­
files Is.apparent. Moreover, the clay content of the modern 
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sediments ranges from about 14 to 36 per cent. However, the 
major part of these modern sediments in the valley have about 
18 to 25 per cent clay, as do profiles 6 and 4 in their upper 
layers. Strong textural stratification of modern sediments 
exhibited by profile 15 apparently is minor in the study 
areas and is confined to parts of Areas la and 1. In profiles 
sampled, with strong textural stratification of the upper 
sediments, the buried soils have nearly 40 per cent clay In 
most layers. Profile 4 was sampled on a natural levee posi­
tion in Area 3. It, like profiles 9 and 11 of Groups II and 
III, respectively, has about 20 per cent clay in most layers. 
Except for the stratification mentioned above for profile 
15, the modern sediment portion of profiles sampled from all 
land form positions have somewhat lower clay content than the 
underlying or buried soils. 
The modern sediments at the surface of profiles 9 and 15 
in Area 1 (Figure 3) show a textural variation related to 
flood plain land form position. The modern sediments at the 
surface of profile 9, from a natural levee position, had a 
clay content of 17.2 per cent. In profile 15, from a slack 
water depression area, the modern sediment surface layer had 
a clay content of 25.2 per cent, underlain by a modern sedi­
ment layer of 34.8 per cent clay. 
The modern sediments at the surface of profile 8 have a 
clay content of less than 15 per cent in contrast to the high 
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clay content of the underlying buried soil. This shows that 
modern sediment textures do not necessarily have a relation 
to land form position, as is shown by profiles 9 and 15. 
8. Special particle size distribution study 
Preliminary field observations indicated textural differ­
entiation by sorting, was important In the genesis of the land 
forms and soils in this investigation and is basic to their 
classification. Therefore, special samples were collected 
along two traverses across land form positions. Detailed 
particle size analyses were made on these samples. 
a. Sample traverse 1 The location of sample traverse 
1 is in Area 4. The samples were from the eight datum point 
sites indicated along deep boring traverse D-D1 in Figure 6. 
An additional sample site is the datum point indicated just 
south of traverse D-D' near the upland, on a small high relief 
fan of 8 per cent slope, below a minor side-valley waterway. 
This site is considered the number 1 sample site in the sample 
traverse, as it was taken to represent the point of first 
accumulation of sediments removed by erosion from the uplands. 
The land form location, soil type, and data of each site 
are presented in Table 4. The geometric mean diameter was 
determined for the silt and sand size particles according to 
the method described by Krumbeln and Pettijohn (32). This 
measure of the predominant silt particle sizes (sand content 
Table 4. Mechanical analysis data of sample traverse 1, Area 4 and sample traverse 
2, Area 5 with position or sample number, the soil land form, and sample 
depth of each position or sample given 
Posi­
tion Land Depth Particle size 
Geometric 
mean 
diameter 
no. form Soil ( i n . )  62/4 32-62M 16-3 2/i 8-16/ 4-8* 2-^H 2/1 inM 
Sample traverse 1. Area 4 
1 Q% fan Napier 0-10 
20-30 
50-60 
1.2 
1.0 
0.9 
32.9 
34.4 
32.0 
26.6 
25.8 
29.6 
8.0 
7.9 
9.1 
4.9 
4.7 
4.0 
2.6 
3.2 
3.0 
23.8 
23.0 
21.4 
25.92 
25.89 
25.17 
2 3$ fan Napier 0-20 
40-50 
0.5 
0 . 7  
22.9 
31.4 
26.3 
27.4 
18.1 
4.4 
5.0 
9.6 
3.2 
2.9 
24.0 
23.6 
21.44 
23.84 
3 2% fan Napier 0-12 
44-58 
0.4 
0.4 
27.2 
25.8 
24.3 
30.6 
15.1 
11.1 
4.3 
4.1 
3.4 
3.4 
25.3 
24.6 
22.47 
23.10 
4 Undiff. 
flood 
plain 
Kennebec 7-19 
40-60 
0.5 
0.9 
22.4 
18.9 
29.3 
28.6 
12.0 
13.4 
5.2 
5.1 
4.0 
3.9 
2 6 . 6  
2 9 . 2  
21.62 
20.97 
5 Slack 
water 
Colo 0-12 
40-52 
0.5 
1.2 
18.6 
13.1 
28.8 
27.4 
13.6 
11.9 
5.7 
7.3 
4.1 
5.1 
28.7 
34.0 
20.82 
18.00 
6 Slack 
water 
Colo 
cal­
careous 
phase 
8-18 
25-40 
50-60 
1.0 
1.3 
2.4 
11.8 
9.6 
5.2 
22.4 
22.3 
13.2 
14.9 
14.7 
15.0 
11.0 
9.6 
11.2 
3.0 
8.5 
10.1 
35.9 
3 4 . 3  
42.9 
16.51 
14.33 
11.78 
Table 4. (Continued) 
Geometric 
Posi- mean 
tlon Land Depth Particle size diameter 
no • form Soil (in.) 62\jx 32—62^x_ 16—32ju<. 8—16yx- 4—8^ 2—4^. 2ju In 
7 Slack Colo 9-20 1.3 15. 5 25.8 14.3 7.5 4.9 30.7 18.37 
water 25-40 1.9 10.3 18.5 14.0 9.6 7.2 38.5 14.54 
50-60 1.9 9.9 23.5 15.4 8.7 3.5 31.1 17.89 
8 Undiff. Kennebec 9-20 0.7 21.4 30.0 13.0 5.9 3.8 25.2 21.00 
flood 25-40 0.9 19.4 26.6 14.9 5.6 4.1 28.5 20.11 
plain 50-60 1.3 16.1 25.9 14.8 6.0 4.4 31.5 19.75 
9 Natural Kennebec, 0-15 0.7 25.7 29.0 11.6 5.1 3.4 24.5 23.10 
levee variant A 40-50 1.4 21.8 27.3 16.0 4 .4 4.1 25.0 22.38 
8ample traverse 2 .  Area 5 
Sample T-41 Colo 20-35 0.2 17.4 26.8 13 .2 5.8 4.2 32.4 19.44 
Sample T-42 Kennebec 25-40 1.9 22.1 28.4 8 .9 5.3 6.0 27.4 21.03 
Sample T-43 Kennebec 25-40 1.7 23.9 32.2 6 .4 4.7 4.1 27.0 23.47 
Sample T-44 Napier 40-55 1.0 29.3 27.0 8 .3 4.0 3.4 27.0 24.64 
Sample T-36 Colo 0-12 1.5 16.4 24.1 13 .8 6.8 4. 5 32.9 18.97 
Sample T-38 Colo 24-33 0.4 19.5 26.0 13 .2 6.0 4.4 30. 5 21.32 
Sample T-40 Colo 52-65 0.3 17.9 21.7 13 .4 5.5 4.9 30.3 22.98 
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being negligible), together with the less than 2 micron clay 
data for each position, are presented in Figure 14. 
The data for the nine positions show that clay and pre­
dominant silt size co-vary with land form position along 
traverse D-D1. Position 1 on the fan with an 8 per cent 
slope gradient has the lowest clay content and coarsest silt 
of any position in the traverse. Clay content decreases about 
3 per cent, but silt size remains constant, with depth, at 
this position. 
Positions 2 and 3 are from the upper half and lower 
third, respectively, of a large fan with a 2 to 3 per cent 
slope. These two positions have nearly the same clay con­
tents and the clay content in both positions remains nearly 
constant with depth. Soil profile 13, sampled at position 3 
in this traverse, has a uniform clay distribution with depth 
(Figure 13). The predominant silt size, in positions 2 and 
3, is smaller in the surface than the subsurface samples. 
Position 4, in the transition zone between the fan and 
flood plain, Is the site of profile 16, Kennebec silt loam. 
Clay content at this position is greater than at position 3, 
and shows an increase with depth in the profile. The pre­
dominant silt size decreases with the increase in clay at 
position 4. 
Position 5 Is within the slack water area. This posi­
tion is the site of profile 17, Colo silt loam. The clay 
Figure 14. Sample traverse 1, Area 4 with soil, land form and 
sample depth range for each position 
The per cent less than two micron clay and the geometric mean 
diameter in microns of the silt sizes (sand being negligible) 
are plotted separately for each sample. 
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content and predominant silt size are shown to have an inverse 
relationship in this position, as at position 4. 
Position 6, at the approximate center of the slack water 
land form, has the highest clay content and smallest geo­
metric mean silt size of the positions sampled. The 40 to 
60 inch depth has more clay and finer silt than the 0 to 20 
inch, or the 20 to 40 inch depths in position 6. The soil 
type at this location is Colo silty clay loam, calcareous 
variant. 
Position 7 is still within the slack water land form, 
but lying nearer the natural channel. This position has less 
clay, and somewhat coarser silt, than position 6. The clay 
content of the Intermediate and lower samples is, again, 
higher than the 0 to 20 inch sample at position 7. The soil 
type here is Colo silt loam. 
Position 8 Is from the flood plain area transitional 
between the natural levee and the slack water area. The soil 
type at this position is Kennebec silt loam. The lower sample 
from position 8 is higher in clay and has finer silts than 
the upper sample, a relationship that persists in all the 
flood plain sample sites. 
Position 9, on the natural levee of the river channel, 
has a Kennebec silt loam, variant A, soil profile. The clay 
per cent is less and silt size is larger in position 9 than 
in the rest of the flood plain. 
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b. Sample traverse 2 In Area 5, in Crawford County 
(Figure 3), single subsoil samples were collected from four 
positions along a small upland waterway. Three layers were 
also analyzed from a fifth position in the Colo silt loam 
area east of the road. The four subsoil sample sites of 
traverse 2 are marked by x1s in the south waterway, extending 
along the east side of section 16,T-83; R-43 and crossing 
into section 15,T-83; R-43, near its head. Samples T-36, 
T-38, T-40 are from the area of Colo silt loam mapped at the 
Junction of the waterway with the main tributary east of the 
road. Sample T-41 is from the Colo soil area and samples 
T-42 and T-43 were within the area mapped as Kennebec silt 
loam. Sample T-44 is from the area of Napier silt loam mapped 
near the upper end of the waterway. The results of these 
analyses are included in Table 4. 
The upper (T-36), middle (T-38), and lower (T-40) samples 
from the Colo area show that the surface horizon is higher in 
clay and has finer silts than the intermediate layer and sub­
stratum at this sample site on the east side of the road. 
Silt loam was found to a depth of 24 feet by a deep boring 
to that depth at the seme location. The subsoil sample from 
the west side of the road is a medium sllty clay loam. The 
subsoil samples from the other three positions up the water­
way on traverse 2 have nearly equal clay content. However, 
the geometric mean diameter of the silts from the four sample 
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sites shows a consistent increase in size from the Colo area 
to the Napier area near the head of the waterway. 
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VI. DISCUSSION 
In the introduction it was pointed out that a lack of 
information on the genesis of alluvium-derived soils has con­
tributed to the unsatisfactory state of their higher category 
classification. The need for further facts about the genesis 
of these soils was mentioned. The role of time and the allu­
vial environment were considered to be important areas of 
Investigation. The information available on time, or age of 
deposits, was an important reason for selection of the Willow 
Valley as a field study site. 
As reported In previous sections, the soils and alluvial 
environment were studied in high detail in several areas. 
The data obtained has been presented and briefly discussed. 
In this section the data will be discussed as it relates to 
the problem of further understanding the genesis of alluvium-
formed soils and improving their classification. 
A. Soil-Forming Factors in the 
Alluvial Environment 
The concept of soils as natural bodies has centered on 
the idea that the effect of climate and biological activities 
on a parent material under defined natural drainage, over & 
period of time, results in the formation of soil. Climate is 
assumed to have been essentially the same as at present over 
the brief time span involved in the genesis of the alluvium-
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derived soils in this study (27). No evidence of other than 
a predominantly grass vegetation was observed in the soils 
or from available historical records (48, 54). Time, natural 
drainage (relief), and parent material are then the signifi­
cantly varying soil-forming factors to be considered. 
Comparison of the Monona silt loam (profile 2) and sev­
eral Napier soils can be made from data presented in Figures 
9, 10, 11, 12, and 13 and in the Appendix. The overwash 
portion of the profiles should be excluded from the compari­
son. The Monona and Napier soils are formed on similar sites 
with respect to slope and natural drainage. It is considered 
that vegetation and climate were essentially similar in the 
formation of both soils. Parent material, to be discussed 
later, and time are then the two classic factors at variance 
between the Napier and Monona soils. An additional variable, 
to be considered later, is the cumulative effect in the case 
of the Napier soils. 
1. Parent material 
In a study of alluvium-formed soils the evolution of 
parent material is of special importance. The soils reflect 
variations of parent material texture both laterally and 
vertically. The soils of this study have been shown to re­
flect parent material differences in texture associated with 
land form position. Texture was one of the major criteria 
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for separation of the soil units on the flood plain. On 
alluvial fans the texture was a medium to heavy silt loam 
with very little sand. In the slack water land forms the 
texture was mainly a medium silty clay loam. The alluvial 
ridge land forms had light to medium silt loam textures and 
some find sand. 
Special traverses, summarized in Table 4 and illustrated 
in part in Figure 14, show that the grading of silt size and 
clay content takes place gradually across land form positions 
rather than abruptly. 
The silt size is somewhat greater on the steeper fan 
positions than those with lower gradients, but the upper and 
lower parts of the gently sloping fan show hardly any vari­
ation in particle size. A sorting effect seems to become 
prominent on the lower margins of the fan surfaces and ex­
tends well into the slack water area. Sorting appears effec­
tive also from the direction of the natural levee. From these 
data, it can be inferred that sorting of sediments in the 
flood plain has taken place not only from over bank deposition 
but also in material being carried into the valley from the 
adjacent uplands. A similar sorting effect has been demon­
strated In the upland waterway in Area 5 (Table 4). 
The relative importance of over bank versus side waterway 
sediments in forming the slack water deposits is not dis­
cernible from the evidence. A deposition of material would be 
148 
expected at much more frequent intervals from the uplands than 
from over bank deposition but the relative amounts from each 
source cannot be determined from this study. The relatively 
great extent of alluvial fans In the study areas also attest 
to the Importance of side waterway and tributary deposition 
in the Willow Valley. 
A slight decrease in particle size with depth in the pro­
file appears regularly in Colo and Kennebec soils in some 
areas. This trend is interpreted to be mainly a change in 
sedimentation in the latter stages of deposition. If this 
supposition is correct, It may have some importance in the 
interpretation of the later stages of upland landscape devel­
opment. 
In a preceding section the variations within the water­
shed that could influence the alluvium parent material in the 
different study areas were discussed. The sequence of Napier 
profiles from the five study areas show a trend for an in­
crease in clay content going up valley. The increase in clay 
was demonstrated to be of the same order as that of the loess-
derived Monona soils of the adjacent uplands. 
The co-variance of texture of local alluvium and upland 
soils is a significant factor in evaluating the association 
of soil types within a geographic area. 
A comparison of the organic carbon distribution with 
depth in the Monona and Napier soils (Figure 11) indicates a 
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more gradual decrease and slightly higher minimum contents In 
the Napier profiles. This may be due to more organic matter 
In the parent material of the Napier soils or to a cumulative 
effect resulting from a slow deposition of sediments concur­
rent with A-^ formation in the Napier soils. Perhaps both 
factors have contributed to the over thickened sola of the 
Napier profiles. This writer considers the cumulative effect 
as probably of greater significance. On the higher portions 
of fans, and on the steeper slope wash deposits the A% hori­
zons are thinner and the subsoil and substratum have brighter, 
higher chroma colors than average for the Napier soils. These 
soils apparently are gradational to the Monona soils. It is 
difficult to explain a variation in organic carbon content 
with slope of fan position as being due to parent material 
difference. However, the effect of relief on organic accumu­
lation as a result of soil formation are well documented (1). 
Poetsch (4l) concluded from a study of soils similar to the 
Napier, Kennebec and Colo soils of this study that nitrogen 
distribution at depth was a cumulative effect. 
The question of whether a cumulative process has been 
operative, should be approached from a study of the later 
stages of upland landscape erosion. It is beyond the scope 
of this study to evaluate the upland landscape evolution. 
Recent studies have suggested that erosion and relative 
stability alternate in many landscapes (8b, 46). Whether the 
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parent material of the soils of this study have accumulated 
slowly or in rather massive cycles of deposition cannot be 
determined from the Information available here. The weak 
organic zone separating beds 3 and 4 on the fan in cross 
section A-A1 (Figure 5) and the sequence of several organic 
zones to. the right of the channel in section H-H1 (Figure 8) 
suggest periodic cycles of deposition as discussed by Butler 
(8b). 
Conversely, the absence of organic zones within bed 4 
at locations observed would then suggest that the major part 
of bed 4 deposition took place relatively quickly, followed 
by a period during which the present surface soil formed. If 
this were so, the problem of how much surface accession (8b) 
has taken place during soil formation would be minimized, but 
would still be important in evaluating soil genesis. 
2. Natural drainage (relief) 
Natural drainage differences in upland soils have been 
given formal status by establishing series for the three or 
four drainage classes generally recognized within a given 
landscape. Detailed studies of several landscape-drainage 
associations have been made in Iowa by McCracken (36), 
Cardoso (9), and Corliss (10). 
Evaluation of natural drainage is commonly based on soil 
colors, and in recent years, the determination of "free11 iron 
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oxides or reductant-extractable iron oxides has been used as 
supporting evidence, in evaluation of natural drainage (50). 
In general, slope gradient seems to be the element of greatest 
importance in influencing natural drainage. Texture also has 
an influence on the natural drainage of soils. 
In the present study, land form has been shown to be 
closely related to natural drainage environment. The relief 
and texture are co-variables in this association with natural 
drainage. The Napier soils on alluvial fans have brownish 
subsoils indicative of well-drained conditions. The Monona 
soil is also considered well-drained. In these soils clay 
content and free iron oxides are both rather uniformly dis­
tributed with depth. 
In the slack water land form, colors of the Colo silty 
clay loam subsoil are grayish and mottled and considered 
indicative of poor natural drainage. Free iron oxide contents 
are lower in these soils and do not correspond to clay dis­
tribution with depth. Kennebec silt loam soils are more like 
the Colo than the Napier in free iron oxide distribution with 
depth. The Kennebec, variant A, soils from natural levees 
have very uniform free iron distribution within the profile 
beneath the overwash. The somewhat browner subsoil colors are 
considered to be an indication of moderately well-drained 
conditions at this position. 
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3. Time 
Aa has been pointed out by many other investigators, 
time is always needed to form a soil. For many alluvium-
formed soils, time has been considered too short for most 
processes to have been expressed. In the detailed areas of 
this study, the major pre-modern sediments have been shown to 
have a maximum age of about 1800 years. The upper parts of 
these sediments (bed 4) are probably much younger. Thus, 
Kapler, Kennebec and Colo soils have been forming for only 
a few hundred to somewhat less than 1800 years. In contrast, 
Monona soils of the more level upland sites have been con­
sidered to be about 14,000-16,000 years (12). The impact of 
soil-forming factors acting through time should be expected 
to have been impressed on the Monona soils to a much greater 
degree than in the alluvium-derived soils of this study. 
The morphology of the Napier soils has a general re­
semblance to that of the Monona soils. In both soils the 
horizon boundaries are gradual to diffuse, and structural 
formation is moderate to weak. The Munsell color values are 
also alike, based on descriptions reported in the Appendix. 
The organic carbon data show that the Monona and Napier 
profiles have a comparable content and distribution with 
depth. In pH, base saturation, clay and free iron oxide 
values the Monona and Napier soils are also more similar than 
dissimilar if viewed at the great group level. The general 
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similarity of texture in the and B horizons of these soils 
perhaps best expresses the resemblance of the Monona soils 
to the Napier soils. 
Monona profiles have been referred to as having minimal 
development (12, 53). The Monona series very likely would 
have been Included with the zonal soils by Baldwin et. al. 
(3) and with the "mature or normal" soils by Marbut (34). 
Therefore, if the Monona and Napier soils are, in general, 
similar at the higher category level, one of the previously 
used criteria to place them in different groups would have 
been time. 
From data of the present study time would not appear to 
have been an effective factor in causing soil differences 
between the Monona and Napier soils at the great group level 
of generalization. 
Similarly, data obtained in this study are interpreted 
to indicate that Colo soils are more appropriately classified 
with the Wiesenboden great group and the Kennebec soils with 
the Brunizem great group. 
Within the land form position sequence of soils, the base 
saturation, pH, organic matter content, and morphology of 
the Kennebec profiles from natural levees suggest a lesser 
impact of soil-forming factors than in the soils from other 
positions. The probability that the levee sediments are 
actually somewhat younger than those in other positions was 
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mentioned in an earlier section. 
The modern sediments also provide a base for comparing 
the effect of time on soil formation in the alluvium-formed 
soils of this study. The extreme variability of reaction, 
lack of an A^, and presence of stratification attest to the 
lack of time for soil formation in these deposits. 
4. Soil-forming processes 
The processes of soil formation have been subdivided 
for discussion in various ways by many workers. Slmonson 
(51) viewed soil genesis as consisting of two steps: 1) the 
accumulation of parent materials and 3) horizon differentia­
tion in the profile. In the present discussion of alluvium-
formed soils the data are related to both of these steps to 
a greater degree than is true of most soils of the uplands. 
Certain processes usually considered to result in horizon 
differentiation over time are discussed below in relation to 
the data already presented. 
a. Ai formation Organic matter accumulation is con­
sidered to be a process that reaches an equilibrium in a soil 
relatively quickly. Radiocarbon data obtained from midwest 
soils indicate an average age for the A% organic matter of 
from one, to several hundred years (7). From these data the 
Monona profile in this study can be considered in a near 
steady state of organic matter content, except for the Ap 
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horizon. The organic carbon data of the horizons of profile 
2 below the Ap are similar to that of a virgin Monona soil 
profile site in the Immediate vicinity (16). 
The Napier, Colo and Kennebec soils of this study have 
an accumulation of organic carbon in the upper layer with 
an almost equal decrease with depth In the profile. The uni­
formity, as well as the similarity to the organic carbon dis­
tribution of Monona soils, are interpreted as indicating a 
strongly developed or over-thickened genetic A]_ horizon in 
the alluvium-derived soils. The more gradual decrease with 
depth and the slightly higher content of organic carbon at 
depth is considered indicative of a cumulative effect from 
accretion of sediments at the surface* Poetsch (41) found a 
similar distribution of organic matter with depth in alluvium-
derived soils which he attributed to a cumulative process 
causing an over-thickened genetic A-^ to develop. A]_ forma­
tion has been shown to take place relatively quickly by 
several studies (11, 37, 51). In the original tall grass 
environment of this study one could expect a rapid accumula­
tion of organic matter to form in new additions of sediments. 
b. Leaching and development of acidity Leaching of 
bases and development of acidity is one of the processes of 
soil formation considered to be reflected in the Monona soils 
and other Brunizems (42, 53). 
The per cent base saturation and pH values of the Napier 
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soils appear to have a trend toward greater unsaturation going 
up valley. The Monona profile is bracketed within the range 
of pH and per cent base saturation shown by the Napier pro­
files • If the base saturation of the Monona soil is con­
sidered to be at or near equilibrium for its environment, 
then the Napier profiles can be considered to have approached 
an equilibrium value for these properties in at least some 
locations. 
The trend for lower pH and base saturation in the upper 
profiles shown by the Napier and also the Kennebec and Colo 
profiles from Areas 4 and 5 compared to profiles from Area 
2 needs examination. No age difference can be demonstrated 
from the alluvial bed distribution, although bed 4 is some­
what thicker in the lower valley. Further highly detailed 
study would be needed to clarify the problem of whether 
parent material was a variable in respect to base saturation 
of the soils from the different study areas, or whether site 
stability and time were involved. 
The pH of the modern sediment is about 7 or above, re­
gardless of whether the sediments contained carbonates or 
were noncalcareous in reaction, as shown in the profile 
descriptions presented in the Appendix. Thus the real dif­
ference between the McPaul and Nodaway soils appears slight 
in the areas of this study. Some leaching of modern sediments 
may have taken place subsequent to deposition, but lack of 
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resaturation in the buried soils analyzed and the variability 
of reaction, both vertically and laterally, in the modern 
sediments indicate a variation in reaction of the sediments 
as deposited. 
c. Clay accumulation Formation of a textural B is 
considered a process normal to brunizemic development (53). 
This is thought to be a slow process or one that is initiated 
in a later stage of soil formation. 
It has already been mentioned that the Napier and Monona 
profiles have essentially similar textures in the solum. No 
clay accumulation horizon is apparent in the Monona or the 
Napier soils. The Monona profile does decrease in clay con­
tent in the C horizon, however, and the Napier soils do not. 
The Colo soils often have finer textured substrata and 
subsoils than upper layers. This is thought to be a sedi­
mentation difference in view of the consistent gradation 
between positions shown in sample traverse 1 (Figure 14), and 
the persistence of the finer texture with depth, shown in 
profile 17 (Figure 13). However, one cannot rule out the 
possibility that clay has formed in place in these wetter 
positions. Bray (6) has related poor drainage with greater 
clay accumulation in much older soil landscapes. The rate 
and conditions with which this process takes place need 
clarification before it can be inferred to have taken place 
in areas of extremely youthful soils as that of the present 
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s tudy. 
d. Iron oxide translocation The relationships between 
land form position (relief), natural drainage, and free iron 
oxide content have been discussed. It appears that iron 
oxides have been reorganized in the Colo and Kennebec silt 
loam soil types and partially removed from the profiles. Other 
studies (15, 50) have shown lower free iron contents in poorly 
drained soils than in well-drained soils of medium and fine 
texture. 
The small amounts of sand found in Colo and Kennebec 
soils samples appeared to be composed mainly of small iron-
manganese concretions. The occurrence of iron-manganese con­
cretions was also noted in the descriptions of these profiles 
presented in the Appendix. Mottling and other color relation­
ships described in the profiles also are those normally asso­
ciated with impeded drainage conditions. 
The organic contents of the upper layers of the dark 
colored alluvium-derived soils tend to obscure colors of the 
mineral portion of the soils. Observation of organic free 
suspensions showed yellowish brown and brown colors in the 
Napier samples, brownish gray colors in the Kennebec soil 
samples, gray to light gray colors in Colo samples, and gray­
ish brown colors In samples from levee positions. It is sug­
gested that study of suspensions free of organic matter may 
help clarify natural drainage relationships among alluvium-
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derived soils of high organic content. 
Free iron distribution within the profile of well-drained 
soils has been shown to be associated in many soils with clay 
distribution (50, 64, 67). In the present study the Napier 
soils have in general, a uniform free iron oxide and clay 
distribution in the profile, although variable levels of free 
iron oxide are seen between profiles. 
The free iron oxide contents of the modern sediments 
indicate some reorganization of iron oxides. The morphology 
of these sediments indicate that mottles have been formed in 
variable degree in nearly all modern sediments, on fan posi­
tions, as well as in flood plain sediments. 
e. Structure formation Soil scientists have been 
reluctant to use structure, in the absence of other criteria, 
as diagnostic of B horizon formation. This is understandable 
because of the often observed structure formed in fresh sedi­
ments of fine texture and other occurrences of structure not 
associated with soil formation. 
In the present study the Monona soils of the uplands 
appear to lack definite criteria, other than a weak to moder­
ate structure, for B horizon designation. The Monona soil has 
been considered a minimal Brunlzem (12, 52). The structure 
shown by the subsoils of the Napier profiles of this study 
has an expression comparable to the Monona soil. Peds appear 
to be weak to moderate subangular blocky in both soils, and 
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a color difference is noted between ped interiors and slightly 
darker exteriors. Earthworm casts are abundant in both the 
Napier and Monona soils, and earthworms may well have been as 
important as ped-formlng processes in the formation of the 
soil aggregates (58). 
In the Colo soils, structure often appears to be moder­
ately expressed. The slightly stronger structure expression 
of the Colo is thought to be related mainly to its finer tex­
ture . 
Structure usually is absent in the modern sediments, or 
at best only a slight structure is indicated. The structure 
aggregates do not have darker coatings on the exterior sur­
faces than in the interiors. 
The similarity of structure in the subsoil of the Napier 
and Monona soils is considered evidence of similar genesis 
of horizons, regardless of the differential ages involved. 
The relations of structure to genetic factors need fur­
ther clarification if it is to be used with confidence as 
evidence of genetic horizons in brunizemlc soils. 
f. Cumulative effects on soil-forming processes The 
up-building of the soil profile by periodic small increments 
of fresh alluvium was considered by Nikiforoff (.38) to be a 
cumulative effect of high significance to soil genesis. By 
this process parent material would originate at the top of 
the profile, be incorporated into the A^ horizon by genetic 
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processes and, as the horizon thickened, a B horizon would 
develop in former horizon material. 
One can visualize a wide range of variations on this 
theme related to differential deposition in different posi­
tions in the alluvial environment. In the discussion of time 
as a factor of soil formation it was indicated that within the 
last 1800 years much deposition has taken place on the land 
form sites of this study, but just when or how fast the sedi­
ments accumulated within that time cannot be demonstrated. 
It seems that even more precise information than provided in 
this study is needed to evaluate completely the operation of 
soil-forming processes over time snd in relation to the cumu­
lative effect. 
The uniformity of several profile characteristics in the 
soils studied and their similarities to the Monona profile are 
interpreted to indicate that some soil formation has taken 
place. Genetic A^ horizons and weak structural B horizons 
are considered to be present in the Napier and other dark 
colored soils of this study. A cumulative effect as hypoth­
esized by Niklforoff (38) is thought to be the best explana­
tion for the over-thickened horizons and sola of the Napier 
soils. Poetsch (41) concluded also that the over-thickened 
profiles of his study were the result of soil formation in 
conjunction with accretion. 
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B. Classification of the Soils at 
the Great Group Level 
The soil classification units differentiated in this 
study were correlated with established soils series and 
phases on the basis of their field morphology. According to 
this correlation the soil series Napier, Kennebec, Colo and 
a McPaul-Nodaway complex were found to have general distribu­
tion in the Willow Valley. Two unnamed units, similar to the 
Colo and Kennebec soils, but highly calcareous, were found to 
have limited distribution in a. few parts of the valley. The 
latter two units should be established as new soil series. 
In a. previous section it was reported that the Napier 
and Kennebec series are considered to be Brunizem soils, the 
Colo series are Wiesenboden, and the McPaul-Nodaway series 
are true Alluvial soils. It was brought out that the above 
represents a recent shift from an earlier placement of all 
these series in the Alluvial great soil group. 
Either a redefinition of class boundaries or a changed 
interpretation of profile criteria were implicit in this 
change of classification. Probable reasons for the re­
classification of Kennebec and associated dark colored Wiesen­
boden soils have been given by Rlecken (43). He considers 
a major emphasis has been placed on an "interpreted" A% 
development. 
It Is believed that the data of the present study has 
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confirmed the presence of genetic horizons of organic 
accumulation in the dark colored soils of this study. 
It is then apropos to consider what criteria, if any, are 
needed besides the presence of a thick, dark A% to designate 
these soils as Brunizem or Wlesenboden. The main features 
considered by Smith et al. (53) to be characteristic of 
Brunizems are summarized as follows : 
1. Dark-colored surface horizons 6 inches or more in 
thickness with moist Munsell color values of about 
10YR 3/1, 3/2 or 2/2 and content of organic cerbon 
from 0.5 to 6 per cent which decreases with depth. 
2. Brown, yellowish brown or grayish brown subsoil 
colors, frequently with mottles or incipient gley-
ing. 
3. Percentage of base saturation greater than 50 per 
cent. 
4. Diffuse horizon boundaries with broad transitional 
horizons. 
Except for having In common black (10YR 2/1), rather than 
very dark gray or very dark brown A^ colors, the Napier and 
Kennebec soils of this study have been shown to fit these 
criteria. However, the depth at which the subsoil colors, 
mentioned above, are matched in the profiles of this study 
might be considered as being beyond subsoil depth if compared 
with noncumulative upland soils (38). 
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Horizons of llluviatlon (B horizons) were not mentioned 
as specific criteria of the Brunlzem great soil group by Smith 
et al. (53), but they considered the Tama series, which has 
an illuvial B horizon, to be a typical Brunlzem soil. 
The loess-derived Monona series, common soils in the up­
land of the Willow Valley region, have been classed as minimal 
Brunlzem soils (52). From the data of the Monona profile in­
cluded In this study, and data of other profiles (16) it is 
evident that Monona soils do not seem to have an illuvial 
horizon of clay accumulation, but the solum is higher in clay 
content than the C horizon. However, the subsoils show a 
slight trend for Iron oxide accumulation. The Napier and 
Kennebec soils do not have illuvial horizons, either of sili­
cate clay or of iron oxides, according to the data obtained 
in this study. 
A rather weak structure development is the main mor­
phologic criteria for B horizons designated for soils of the 
present study. 
From the laboratory data it is evident that most, though 
not all, of the dark colored alluvium-derived soils have pH 
and base saturation values similar to the Monona and Brunlzem 
soils. 
The soils classed with the Napier and Kennebec series 
are thus shown to have characteristics both similar to, and 
differing from, the Brunlzem great group. The dissimilarities 
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can be partially attributed to the cumulative factor in the 
formation of these alluvium-derived soils. Relative youth, 
partially a cumulative effect, also could account for dif­
ferences between these soils and certain other Brunlzem soils 
with illuvial silicate clay B horizons. The latter difference 
however, is common to the Monona series as well. 
McCracken (36, p. 160) has suggested that placement of 
a soil series In a great soil group should be based on a 
determination whether the soil 
. . . possesses similar kind and arrangement of 
soil horizons, developed from a similar summa­
tion of processes in the profile, as other soils 
with similar fundamental profile features and 
summation of processes. 
Poetsch (41) apparently applied the above line of thought in 
comparing soils of similar morphology and origin as the dark 
colored soils of this study, to the Tama and Taintor series 
of the Zonal great soil group. From this comparison, Poetsch 
concluded that the soils he studied were more like the Brunl­
zem and Wlesenboden soils than the Alluvial great group. 
By this reasoning, the dark colored soils of this study 
would be similarly classed with great soil groups other than 
the azonal Alluvial great group. 
Differences noted between the unit -1 and unit -2 Kenne­
bec soils of this study complicates somewhat the problem of 
the classification of this series. High pH and base satura­
tion values, less organic matter accumulation in the A^, 
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calcareous substrata, some micro-stratification, and less 
well expressed subsoil structure are shown to be common char­
acteristics of the unit 1 soil on the alluvial ridge position. 
However, the rather dark colored A]_ horizon and structural 
organization described in these soils were thought to express 
enough genetic formation to consider the unit 1 soils as a 
variant of Kennebec series. Kennebec, variant A soils are 
considered to vary in characteristics over a range of profiles 
showing progressively less development, as from the Kennebec 
soil represented by profile 3, to a unit -7 soil represented 
by profile 11. The latter profile is bordering on the char­
acteristics of the Alluvial great soil group. It is con­
sidered here to be an inclusion in the Kennebec silt loam, 
variant A soils, as the unit -7 variants were found not to be 
separable in field mapping. The Kennebec, variant A soils, 
associated with the alluvial ridge are thought to intergrade 
between the Alluvial great soil group and the Brunlzem great 
group within which the Kennebec soils are classed. 
The Colo soils (unit 3) of this study are considered to 
be poorly to imperfectly drained according to their field 
morphology. The Colo series of Monona County have been 
classed with the Wlesenboden great soil group (65). Classifi­
cation of the Colo soils of the present study with Wlesenboden 
soils does not seem to be entirely appropriate. If the defi­
nition of Wlesenboden (Humic-Gley) soils given by Thorp and 
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Smith (59) and that given in the Soil Survey Manual (63) are 
adhered to strictly, the Colo soils of this study would not 
be considered Wlesenboden soils. These definitions require 
that a gley horizon be present in Wlesenboden soils. 
The data show, the Colo soils to have somewhat lower 
values of free iron oxides than the Napier soils. However, 
the free iron oxide data cannot be used to differentiate con­
sistently the Colo from the Kennebec soils. McCracken (36) 
found that the free iron oxides content of Colo soils in 
Polk County correspond to values of the soils of intermediate 
drainage. The lack of gley horizons, and moderately high 
free iron oxide levels, precluded the series from the Wlesen­
boden group. From this, McCracken classed the Colo series 
as a Wlesenboden-Alluvial intergrade. Because the Colo soils 
of this study show strongly expressed A^ horizons, and moder­
ate subsoil structure, the writer would prefer them to be 
classified as intergrades between the Brunlzem and Wlesenboden 
great soil groups. This requires recognition of a new class 
at the great group level an alternative that probably would 
need additional study. Another alternative would be to relax 
somewhat the present gley horizon restrictions for Wlesen­
boden, so as to permit inclusion of such series as the Colo 
series with the Wlesenboden great group. 
The McPaul-Nodaway soils present in places on all land 
forms of the alluvial landscape are classed with the Alluvial 
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great soil group. Forming in modern sediments, the McPaul-
Nodaway soils lack organic A]_ horizon development, pre strati­
fied and variable in reaction, and generally are lacking in 
soil genesis effects. Classification of these soils in the 
Alluvial great soil group is accepted here and the distinction 
between these soils and the dark colored soils of the valley 
is clear. 
C. Suggestions for Further Studies 
The demonstrated youthfulness of the alluvium-derived 
soils in this study and the probability of accretion during 
their formation introduce some problems in evaluating the gen­
esis of alluvium-derived soils. Some criteria and processes 
that need further clarification are discussed briefly below. 
1. Horizon designations 
On problem comm in some degree to the Monona soils 
and the alluvium-derived soils i the horizon nomenclature 
to be used. An A-B-C nomenclature has been used with con­
siderable reservations in this study for reasons previously 
mentioned. However, the alternative of using A-C horizons, 
as present horizon nomenclature is used, would automat­
ically place the soils in the Alluvial great soil group. 
Similarly, the Monona soils would be classed as Regosols 
if B horizons were not recognized. There is a need 
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for further studies on the significance of structure as a 
morphologic criterion of B horizons in soils, like those of 
this study, where other criteria apparently are not observ­
able • In the alluvium-derived soils the problem is further 
complicated by the so-called "cumulative effect". The over-
thickened horizons and sola of the alluvium-derived soils and 
the question of what is C horizon material are involved. Per­
haps a designation as used by Poetsch (41) of cumulative Ac 
B° and C° horizons would be of use • In any event, it seems 
that a need exists for horizon designations that recognize 
the effect of accretion on horizon thickness and expression. 
A recently proposed system for genetic horizon designations 
did not provide for this important effect (66). 
2. Evaluation of soil-forming -processes and factors 
Problems in evaluating soil formation include the need 
for understanding the time and the processes involved (25). 
In alluvium-derived soils, these processes should be con­
sidered in relation to possible accretion at the surface 
during soil formation. The present study has pointed to the 
need for a more exact evaluation of the amount of accumulation 
taking place while the soil is forming. 
Although the soils are shown to be young, several 
processes of soil formation seem to be as well expressed 
In some of the alluvium-derived profiles of this study as 
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the stage of development apparent in the Monona soils. Pro­
cesses as A-j_ formation, leaching and development of acidity, 
and iron oxide translocation seem as well advanced in the 
Napier, Kennebec and Colo soils In most locations as in the 
Monona soils. In soils from the natural levee, these pro­
cesses seem less well expressed. A more precise radiocarbon 
dating of sediments in the latter land form may provide a 
more accurate minimum date for comparison of soil-forming 
effects. 
Movement of iron oxides in the modern sediments is 
apparent and this needs further study to determine how this 
movement is related to that considered to be a. soil-forming 
process in genetically developed soils. The time required 
for leaching and development of acidity in the modern sedi­
ments, as well as in the alluvium-derived soils, needs addi­
tional investigation. The effect of wetter environment on 
clay formation needs to be evaluated for the possibility of 
Its taking place in young materials. 
Studies in other areas with different vegetation and/or 
a history of slower deposition would provide, if radiocarbon 
dates could be obtained, a basis for a comparison with this 
study. This comparison is needed to clarify the time required 
for certain soil-forming processes to be expressed in pro­
files of alluvium-derived soils. 
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VIII. SUMMARY 
The objectives of this investigation were to study the 
interrelationships between alluvial environment and soil 
formation in the Willow River Valley and to evaluate the 
genesis and classification of the soils at the higher cate­
gory level of generalization. 
The problem was approached by a detailed study of five 
areas in different portions of the valley. In the areas of 
study, genetic land form types were identified, the soils 
were classified, and the distribution of both was determined. 
The upper alluvial fills were studied to determine their 
distribution and character in relation to land forms and 
soils. Age relationships of the fills were determined by 
correlation with radiocarbon age data available in the water­
shed . These data indicated a maximum age for the alluvium-
derived soils of less than 1800 years. 
The morphology of the alluvium-formed soils was studied 
in 17 selected profiles. Samples of these profiles were 
analyzed for chemical and physical properties to aid in the 
evaluation of soil relationships to the alluvial environment 
and the effect of soil-forming factors and processes on the 
soils. Comparisons were made between a loess-derived Monona 
soil profile and the alluvium-derived soils as a basis for 
evaluating soil formation over time. 
A close relationship was found between soils and land 
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forms ln the study areas. The well-drained Napier silt loam 
soils were found on alluvial fans, the poorly drained Colo 
soils of silty clay loam texture were found in locations of 
slack water deposits and the Imperfectly drained Kennebec 
silt loam soils occupied transitional flood plain positions. 
A Kennebec, variant A soil with light to medium silt loam 
texture, moderately well-drained characteristics, and weaker 
horizon expression occurred on the alluvial ridge (natural 
levee). 
Time, parent material, and natural drainage were soil-
forming factors considered to be of main significance in the 
alluvium-derived soils. Texture of parent material and 
natural drainage were found to co-vary with land form. Age 
of the alluvium-derived soils was shown to be less than 1800 
years. Age differences between land forms were not demon­
strated, but were considered to be a. probable factor in the 
weaker profile development of soils on the natural levee as 
compared to soils of other land forms. 
Soil-forming processes considered to be expressed in the 
alluvium-derived soils were the formation of a genetic A^ 
horizon, a reorganization of free iron related to natural 
drainage, leaching and development of acidity, and ped struc­
ture formation. A comparison was made to the Monona soils 
considered to be a minimal Brunlzem and of much greater age. 
It was concluded that the degree and kind of soil formation 
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shown by the well-drained alluvium-derived soils and the 
Monona soil were similar. In the alluvium-derived soils an 
accretion of sediments during soil formation was thought to 
account for the over-thickened horizons and sola of these 
soils • In view of the similarity between the Monona and 
Napier soils despite the age difference, time is thought to 
be a less critical factor in the genesis and classification 
of the alluvium-derived soils than it was hitherto considered. 
De-emphasis of the time factor snd the reliance on pro­
file similarities led to classification of the Monona and 
Napier soils in the same great soil group, namely the Brunl­
zem great group. Similarly, the Kennebec and Colo soils 
would be placed in the Brunlzem and Wlesenboden great soil 
group, respectively, though the Colo soils were considered 
to intergrade between the Brunlzem and Wlesenboden soils. 
The variant of the Kennebec soils found on the natural levee 
was thought to intergrade between the Brunlzem and Alluvial 
great soil groups. McPaul and Nodawsy soils forming from 
modern sediments were found not to have genetic horizons and 
were classed as Alluvial soils. 
Suggestions for further studies pointed to the need for 
a more precise understanding of the more quickly expressed 
soil-forming processes and how accretion of sediments at 
different rates affect these processes. The need for a 
nomenclature to express horizonation in alluvium-derived 
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soils was indicated. 
The relationships between land forms and soils shown in 
this study, and their significance to soil formation in an 
alluvial environment, need testing in other alluvial areas 
of dissimilar physiography and vegetation. It is considered 
that the methods used in this study would be applicable to 
the study of alluvial areas in other regions. 
Application of the methods used in this study in similar 
future studies would, it is thought, result not only In a 
better understanding of the formation of alluvium-derived 
soils, but of soil genetic processes in other soils. 
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APPENDIX 
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Profile 1 
Kennebec silt loam, calcareous variant 
Location: 50 feet north and 240 feet west of the SE corner of 
sec. 9, T. 79 N., R. 43 Harrison County, Iowa, 
Area 1. 
Map unit: (1-5) 
Slope: 1 per cent 
Site: At mouth of Magnolia Creek on downstream side of a 
large terrace; appears to be somewhat above flood 
plain level of the Willow River. 
Vegetation: Cultivated 
Collected by: G. H. Simonson and P. Ryan - 8/26/58 
Horizon 
Sample desig- Depth 
no • nation (in.) 
1-1 Overwash 0-7 
Description 
1 (10YR 2.5/2) 
brown (10YR 
1-2 II Allb 7-24 
1—3 II 24—39 
Very dark grayish brown 
silt loam; dark grayish 
4/2) dry; massive; friable; calcar­
eous; post-cultural alluvium; clear 
lower boundary. 
Black to very dark gray (10YR 2.5/1) 
medium silt loam; dark gray (10YR 
4/1) dry; very weak subangular blocky 
to massive; friable; strongly effer­
vescent; abundatn CaCOg shells; 
recent alluvium; diffuse lower 
boundary. 
Very dark to dark gray (10YR 3/1-4/1) 
heavy silt loam; very weak subangular 
blocky; friable; sparse to common 
gray (10YR 5/1) patches; common gray 
to light gray (10YR 6/1) CaCOg coat­
ings on peds; abundant shells; 
strongly effervescent; gradual lower 
boundary. 
%oist colors unless otherwise noted. 
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Horizon 
Sample deslg- Depth 
nation (in,) no 
1-4 
1-5 
II B lb 
II C lb 
39-50 
50-86 
Description 
Very dark gray (10YR 3/1) light 
silty clay loam; massive, slight 
tendency to prismatic; friable to 
slightly firm; sparse low contrast 
mottles; less strongly calcareous 
than above ; diffuse lower boundary. 
Very dark gray ( 10YR 3/1). light silty 
clay loam.; common indistinct dark 
brown (10YR 4/3) mottles; massive; 
slightly firm; slightly sticky when 
moist; weakly calcareous. 
Location: 
Profile 2 
Monona silt loam 
300 feet east and 270 feet north of the SW corner 
of the SE 1/4 of the NE 1/4 of sec. 14, T. .80 N., 
R. 43 W., Harrison Co., Iowa, Area 2. 
Map unit: (12-3-1) 
Slope: 1-2 per cent slightly convex 
Site: Nearly level terrace summit 75 feet from slope break 
to the flood plain. 
Vegetation: Cultivated 
Collected by: G. H. Simonson and P. Ryan - 8/27/58 
Sample 
no. 
2-1 
Horizon 
desig­
nation^ 
Ap 
Depth 
(in.) 
0-6 
Description 
Very dark brown"*" ( 10YR 2/2) silt 
loam; dark grayish brown (10YR 4/2) 
dry; cloddy-massive; friable; post-
Farmdale loess; clear to the A^g. 
1Moist colors unless otherwise noted. 
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Horizon 
Sample desig- Depth 
no. nation (in.) Description 
2-2 A12 6-12 Very dark brown (10YR 2/2) silt 
loam; very dark grayish brown (lOYR 
3/2) dry; very dark grayish brown 
(lOYR 3/2) crushed; weak to moderate 
fine granular; friable ; many worm 
casts ; gradual to the 
2-3 B-, . 12-22 Very dark grayish brown ( 10YR 3/2) 
silt loam; dark brown (10YR 4/3) dry; 
dark brown to very dark brown (lOYR 
2.5/3) crushed; weak medium-fine sub-
angular blocky; friable; common worm 
casts ; gradual to the AClg. 
2-4 Bnp 22—31 Dark brown (10YR 3/3) silt loam; 
brown to dark brown (10Y^ 4/3) 
crushed; weak medium subangular 
blocky; friable; common worm casts; 
gradual to the AC^g. 
2-5 Bg 31-43 Dark brown (10YR 3.5/3-4/3) silt 
loam; dark yellowish brown (10YR 4/4) 
crushed ; weak medium subangular 
blocky; friable; common worm casts; 
gradual to the C]^. 
2-6 Onn 43-60 Dark brown to dark yellowish brown 
(10YR 4/3-4/4) silt loam; yellowish 
brown (lOYR 5/4) crushed; very weak 
subangular blocky to massive; fri­
able; gradual to the O^g-
2-7 C12 60-85 Yellowish brown (10YR 5/4) silt loam; 
sparse strong brown (7.5YR 5/6) and 
grayer mottles; massive; friable; 
non-calcareous loess; base of hole. 
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Location: 
Map unit : 
Site: 
Profile 3 
Kennebec silt loam 
580 feet north and 475 feet west of the SE corner 
of sec. 11, T. 80 N., R. 43 W., Harrison Co., Iowa, 
Area 2. 
(2-2)  
Level flood plain, approximately 300 feet east of old 
stream channel. 
Vegetation: Cultivated 
Collected by: G. H. Simonson and P. Ryan 
Horizon 
Sample desig- Depth 
no. nation (in.) 
3-1 
3-2 
Ap 
Overwash 
All 
0-7 
7-16 
3-3 l12 1.6-31 
Description 
Very dark grayish brown ^ (10YR 3/2) 
silt loam; dark grayish brown (10YR 
4/2) dry ; massive; friable; non-
calcareous post-cultural alluvium; 
abrupt lower boundary. 
Black to very dark gray (10YR 2.5/1) 
silt loam; dark gray (lOYR 4/1) dry; 
very dark brown to very dark grayish 
brown (10YR 2.5/2) crushed; weak 
medium subangular blocky breaking to 
fine subangular blocky; slight 
tendency to platiness; friable; non-
calcareous Recent alluvium; diffuse 
lower boundary. 
Black to very dark gray (10YR 2.5/1) 
silt loam; very dark brown to very 
dark grayish brown (10YR 2.5/2) 
crushed; common fine indistinct dark 
brown mottles; weak medium subangular 
blocky breaking to granular; friable; 
abundant worm casts; gradual lower 
boundary. 
^Moist colors unless otherwise noted. 
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Horizon 
Sample desig-
no. nation 
3-4 
3-5 
3-6 
B 11 
Depth 
llnj. 
31-45 
B 12 45-60 
60-92 
Description 
Very dark brown (lOYR 2/2) silt loam; 
very dark grayish brown (lOYR 3/2) 
crushed; common fine indistinct dark 
brown mottles ; fine and medium crumb; 
friable; many worm casts; gradual 
lower boundary. 
Very dark grayish brown (lOYR 3/2) 
heavy silt loam; dark grayish brown 
(lOYR 4/3) dry; common very dark gray 
(lOYR 3/1) vertical faces; common 
medium and fine dark brown mottles ; 
tendency to prismatic; weak medium 
crumb; friable; common worm casts; 
diffuse lower boundary. 
Very dark grayish brown (lOYR 3/2) 
light silty clay loam; grayish brown 
(lOYR 5/2) dry ; common dark gray 
(lOYR 4/1), yellowish brown, and dark 
brown mottles; massive; friable to 
slightly firm; non-calcareous Recent 
alluvium. 
Profile 4 
McPaul-Nodaway silt loam 
Horizon 
Sample desig-
no. nation 
4-1 Over-
wash-, 
Depth 
(in.) 
0-9 
Description 
Dark to very dark grayish brown1 
(lOYR 3.5/2) silt loam; grayish brown 
(lOYR 5/2) dry; massive, tendency to 
platiness in lower 3 inches; friable; 
non-calcareous post-cultural allu­
vium; abrupt wavy lower boundary. 
•4toist colors unless otherwise noted. 
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Horizon 
Sample desig- Depth 
no. nation (in.) 
4-2 Over-
washg 
9-14 
4-3 Over- 14-21 
washg 
4-4 II Allb 21-40 
4—5 II R]_lb 40—56 
4-6 II Bl2b 56-75 
4-7 II Clb 75+ 
Description 
Very dark grayish brown (lOYR 3/2) 
silt loam; grayish brown ( lOYR 5/2.) 
dry; very weak medium platy; friable; 
moderately calcareous post-cultural 
alluvium; gradual boundary. 
Stratified silt loam; black to very 
dark gray (lOYR 2.5/1) ped surfaces ; 
very dark grayish brown (lOYR 3/2) 
matrix ; dark grayish brown (lOYR 4/2) 
dry; patches of dark grayish brown 
(lOYR 4/2); light brownish gray (lOYR 
6/2) dry; weak medium subangular 
blocky; friable; weakly calcareous 
in spots; clear lower boundary. 
Black (10YR 2/1) silt loam; dark gray 
(10YR 4/1) dry ; weak medium angular 
blocky breaking to fine granular; 
friable; gradual lower boundary. 
Very dark gray (lOYR 2.5/1) silt 
loam; very dark gray to very dark 
grayish brown (lOYR 3/1.5) crushed; 
common fine low contrast dark brown 
mottles ; very weak angular blocky 
to massive; abundant worm casts; 
friable; gradual lower boundary. 
Very dark grayish brown (lOYR 3/2) 
silt loam; common fine yellowish 
brown mottles; massive; friable; 
abundant worm casts ; diffuse lower 
boundary. 
Very dark gray to very dark grayish 
brown (10YR 3/1-3/2) silt loam; 
common medium yellowish brown mot­
tles; massive; non-calcareous allu­
vium. 
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Profile 5 
Napier silt loam 
Location: 50 feet south and 150 feet west of the NE corner 
of the SE 1/4 of the NW 1/4 of sec. 14, T. 80 N., 
R. 43 W., Harrison County, Iowa, Area 2. 
Map unit: (0-6) 
Slope: 2-3 per cent flat 
Site: Approximately in the center of a large Alluvial fan. 
Present waterway is entrenched. 
Vegetation: Sweetclover 
Collected by: G. H. Simonson and P. Ryan 
Horizon 
Sample desig-
no. nation 
5-1 Ap 
Depth 
(in.) 
0-7 
5-2 a12 7-18 
5-3 B 11 18-32 
Description 
Very dark brown (10YR 2/2) silt 
loam ;1 dark gray (10YR 4/1) dry ; 
sparse mixing of very dark grayish 
brown (10YR 3/2); very weak granular 
to massive; friable; leached post-
cultural overwash; clear lower 
boundary. 
Black ( 10YR 2/l) silt loam; very dark 
gray (10YR 3/1) dry; black to very 
dark brown (10YR 2/1.5) crushed; 
weak fine subangular blocky; friable; 
common worm casts; leached alluvium; 
gradual lower boundary. 
Very dark brown (10Y& 2/2) silt loam; 
dark grayish brown (10YR 4/2) dry; 
very dark brown to very dark grayish 
brown (10YR 2.5/2) crushed; weak fine 
subangular blocky; friable; abundant 
worm casts; gradual lower boundary. 
^Moist colors unless otherwise noted. 
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Horizon 
Sample desig- Depth 
no. nation (in.) 
5-4 
5-5 
5-6 
B 12 32-47 
B„ 47-60 
60-85 
Description 
Very dark brown (10YR 2/2) silt loam; 
very dark brown to very dark grayish 
brown (10YR 2.5/2) crushed; few faint 
dark brown mottles; weak medium sub-
angular blocky; friable; abundant 
worm casts; gradual lower boundary. 
Dark brown (10YR 3/3) silt loam; 
sparse to common fine yellowish brown 
mottles; few very dark brown (10YR 
2/2) worm casts; common dark brown 
worm casts; very weak subangular 
blocky to massive; friable; diffuse 
lower boundary. 
Dark brown ( 10YR 3/3) silt loam; 
massive; friable; mottled; non-
calcareous alluvium• 
Profile 6 
Nodaway silt loam, Kennebec silt loam substratum 
Location: 630 feet west and 150 feet north of the south 
center of sec, 9, T. 83 N., R. 41 W., Crawford Co., 
Iowa, Area 5. 
Map unit: (3-2) 
Slope: 0-1 per cent 
Site: Flood plain, 200 feet from stream, 400 feet from valley 
wall, downstream from an alluvial fan. 
Vegetation: Permanent bluegrass pasture 
Collected by: G. H. Slmonson and P. Ryan - 8/29/58 
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Horizon 
Sample desig- Depth 
no. nation (in.) 
6-1 Over-
wash-, 
6-2 
6-3 
Over-
washn 
Over-
washg 
6-5 II A 12b 
0-9 
9-28 
28-33 
6-4 II Allb 33-38 
38-52 
6—6 II 52+ 
Description 
Stratified very dark grayish brown1 
(10YR 3/2) and dark grayish brown 
( 10YR 4/2) silt loam ; grayish brown 
( 10YR 5/2) and light grayish brown 
( 10YR 6/2) dry; very weak medium SBK, 
breaking to weak medium granular; 
friable; leached post-cultural over-
wash; diffuse lower boundary. 
Very dark grayish brown (10YR 3/2) 
silt loam; grayish brown (10YR 5/2) 
dry ; common strata of dark grayish 
brown (10YR 4/2): medium weak platy 
to massive; friable; common worm 
casts; gradual lower boundary. 
Mixed very dark gray (10YR 3/1) and 
very dark grayish brown (10YR 3/2) 
silt loam; dark gray (10YR 4/1) and 
grayish brown (10YR 5/2) dry; some­
what stratified; very weak medium 
subangular blocky to massive; common 
worm casts; clear lower boundary. 
Mixed black (10YR 2/l) and very dark 
gray (10YR 3/l) silt loam; dark gray 
X10YR 4/1) dry; sparse mixing of 
very dark grayish brown (10YR 3/2); 
weak medium subangular blocky; fri­
able; clear lower boundary. 
Black (N -:/0) silt loam; very dark 
gray (10YR 3/1) dry; moderate medium 
to fine subangular blocky; friable; 
gradual lower boundary. 
Black to very dark gray (10YR 2.5/1) 
light to medium silty clay loam; 
medium to fine moderate subangular 
blocky; friable; sparse fine low 
contrast mottles and/or Fe-Mn con­
cretions in ped interiors; leached 
alluvium; water table at 60 inches. 
^Moist colors unless otherwise noted. 
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Location: 
Profile 7 
Napier silt loam 
300 feet north and 600 feet east of the SW corner 
of sec. 16, T. 79 N., R. 44 W., Harrison County, 
Iowa, Area la. 
Map unit: (0-6) 
Slope: 4 per cent slightly convex 
Site: Above the center of a moderately high relief alluvial 
fan. 
Collected by: G- H. Simonson - 10/9/58 
Sample 
no. 
7-1 
Horizon 
desig­
nation^ 
Ap 
Depth 
(in.) 
0-7 
7-* c. 12 7-14 
7-3 B11 14-26 
Description 
Very dark brown to very dark grayish 
brown1 (10YR 2.5/2) silt loam ; dark 
gray (10YR 4/1) dry; fragmentai to 
massive; friable; non-calcareous 
Recent alluvium; abrupt wavy 
boundary. 
Very dark brown (10YR 2/2) silt loam ; 
dark gray (10YR 4/1) dry; very weak 
medium subangular blocky, breaking to 
weak medium granular; friable; 
abundant worm casts; diffuse 
boundary. 
Very dark brown to very dark grayish 
brown (10YR 2.5/2) silt lofc.m; dark 
grayish brown (10YR 4/2) dry: very 
dark grayish brown (10YR 3/2) 
crushed; weak medium subangular 
blocky; friable; abundant worm casts, 
commonly very dark brown ( 10YR 2/2); 
diffuse boundary. 
^oist colors unless otherwise noted. 
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Horizon 
Sample desig- Depth 
no. nation (in.) 
7-4 B12 
7-5 
7-6 
7-7 
7-8 
26-40 
B? 40-55 
'11 55-80 
'12 80-90 
90+ 
Description 
Dark brown ( 10YR 3/3) silt loam; 
common very dark brown to very dark 
grayish brown (10YR 2.5/2) coatings; 
dark brown (10YR 3/3) crushed; weak 
fine subangular blocky to crumb; 
friable; abundant worm casts, common­
ly very dark grayish brown (10YR 
3/2); diffuse boundary. 
Dark brown (10YR 3/3) silt loam; 
dark yellowish brown (10YR 4/3) 
crushed; weak medium subangular 
blccky; friable; abundant worm casts; 
diffuse boundary. 
Dark brown to very dark grayish 
brown (10YR 3/2.5) silt loam; mas­
sive; friable; sparse worm casts; 
clear to gradual boundary. 
Dark yellowish brown (10YR 4/3) silt 
loam; massive; friable; leached; 
abrupt boundary. 
Brown to yellowish brown (10YR 5/3-
5/4) silt loam; massive; friable; 
common flecks of white carbonate; 
sparse hard carbonate concretions, 
sparse soft Fe concretions ; cal­
careous Recent alluvium. 
Profile 8 
McPaul-Nodaway silt loam 
Location: 130 feet north and 100 feet east of the SW corner 
of the SW 1/4 of the NW 1/4 of sec. 21, T. 79 N., 
R. 43 W., Harrison County, Iowa, Area la. 
Map unit: (3+-3) 
Slope: 0-1 per cent 
Vegetation: Corn 
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Site: Level floodplain midway between the stream channel 
meander in the center of the valley and the valley 
wall. 
Collected by: G-. H. Simonson - 10/10/58 
Horizon 
Sample desig- Depth 
no. nation (in.) 
8-1 Overwash 0-20 
8-2 II Apb 20-25 
8-3 II Algb 25-31 
8-4 II AClb 31-36 
8-5 II ACgb 36-55 
Description 
Dark grayish brown1 (10 YR 4/2) light 
silt loam; light brownish gray (10YR 
6/2) dry; slightly stratified; mas­
sive; friable; slightly calcareous; 
abrupt wavy boundary. 
Very dark brown to very dark grayish 
brown (10YR 2.5/2) light silty clay 
loam; massive; friable; there is 
partially decomposed plant material 
(cornstalks) in this horizon; abrupt 
wavy boundary. 
Very dark gray (10YR 2.5/1-3/1) light 
silty clay; sparse fine dark brown to 
brown (10YR 4/3-5/3) mottles in in­
teriors; moderate to strong fine sub-
angular blocky; slightly firm, 
plastic when wet; non-calcareous. 
Stratified very dark grayish brown 
(10YR 3/2) and dark to very dark 
gray (lOYR 3.5/1) medium silt loam 
and medium silty clay loam; abundant 
brown to strong brown (7.5YR 5/4-5/6) 
mottles; weak medium prismatic to 
massive; friable; non-calcareous; 
clear boundary. 
Very dark grayish brown (10YR 3/2) 
non-calcareous medium silty clay 
loam; stratified with very dark 
grayish brown (10YR 3/2) calcareous 
silt loam; abundant dark reddish 
brown (5YR 3/4) mottles on exteriors; 
moderately firm, plastic when wet; 
sparse worm casts; clear boundary. 
^Moist colors unless otherwise noted. 
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Horizon 
Sample desig- Depth 
no. nation (in.) 
8-6 III Alb 55-80 
Description 
Black to very dark gray (N ?.5/C) 
medium silty clay loam; sparce faint 
mottles ; massive; slightly firm, 
pla stic when wet ; slightly calcar­
eous ; sparse small shells; grading 
to very dark gray (N 3/0) medium 
silty clay loam which is moderately 
calcareous at 90 inches (base of 
hole)• 
Profile 9 
Kennebec silt loam, variant À (overwash phase) 
Location: 250 feet east and 670 feet south of the center of 
sec. 10, T. 79 N., R, 43 W., Harrison County, Iowa, 
Area 1. 
Map unit: (2-1) 
Slope: 1 per cent 
Vegetation: Soybeans 
Site: On natural levee 30 feet from the bank of the abandoned 
natural channel of the Willow River 
Collected by: G. H. Simonson - 10/21/58 
Horizon 
Sample desig- Depth 
no. nation (in.) Description 
9-1 Ap 0-7 Very dark grayish brown1 (10YR 3/2) 
light silt loam; grayish brown to 
brown (10YR 5/2.5) dry; very weak 
medium granular to massive; friable; 
non-calcareous; abrupt wavy boundary. 
^Moist colors unless otherwise noted. 
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Horizon 
Sample desig- Depth 
no. nation (in.) 
9-2 Overwash 7-13 
9-3 II Allb 13-21 
9-4 II Algb 21-36 
9-5 II B lb 36-50 
9-6 II C lb 50-60 
9-7 II Cg 60+ 
Description 
Strongly stratified very dark grayish 
brown (10YR 3/2) and dark grayish 
brown (10YR 4/2) with some brown 
(10YR 5/3) light silt loam ; sparse 
to common fine strong brown (7.5YR 
5/6) mottles; weak medium platy; 
friable ; sparse worm casts ; non-
calcareous; abrupt wavy boundary. 
Black to very dark gray (10YR 2.5/1) 
light silt loam ; sparse stratifica­
tion of gray to light gray (10YR 6/1) 
coarse silts; sparse very fine low 
contrast dark brown mottles apparent 
when crushed; very weak medium angu­
lar blocky with slight tendency 
toward platiness; very weak medium 
angular blocky; friable; gradual-
clear lower boundary. 
Black (10YR 2/l) light silt loam ; 
black to very dark gray (10YR 2.5/1) 
crushed; very weak medium subangular 
blocky to crumb; friable; non-cal­
careous; diffuse lower boundary. 
Very dark brown (10YR 2/2) light silt 
loam ; very dark grayish brown (10YR 
3/2); weak fine subangular blocky to 
friable; abundant worm casts; gradual 
lower boundary. 
Very dark grayish brown (10YR 3/2) 
light silt loam; sparse fine faint 
dark brown mottles; non-calcareous ; 
massive; friable; clear lower bound­
ary. 
Dark gray (10YR 4/1) medium silt, 
loam; common fine strong brown and 
dark brown mottles; massive; moder­
ately calcareous. 
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Profile 10 
Colo silt loam 
Location: 100 feet south of road, 460 feet west and 360 feet 
south of the NE corner of the NW 1/4 of the NE l/4 
of sec* 14, T. 80 N., R. 43 ¥., Harrison County, 
Iowa, Area 2. 
Map unit: (0-3) 
Slope: 0-1 per cent 
Vegetation: Soybeans 
Site : Level floodplain between side-valley waterways and 
one-fourth of the distance toward the natural stream 
meander from the west valley wall. 
Collected by: G. H. Simonson - 10/22/58 
Horizon 
Sample desig- Depth 
no. nation (in.) 
10-1 Ap 0-8 
10-2 \L2 8-20 
10-3 B11 20—33 
Description 
Mixed very dark brown^ (10YR 2.5/2) 
and very dark grayish brown (10YR 
3/2) silt loam; grayish brown (10YR 
5/2) dry; weak medium crumb-massive; 
friable; non-calcareous; lower 2 
inches are sparsely stratified with 
grayish brown (10YR 5/2) and seem to 
be quite compacted; clear boundary. 
Black (10YR 2/l) light silty clay 
loam; black (10YR 2/1) crushed; dark 
gray (10YR 4/l) dry; fine and medium 
moderate granular; friable; common to 
abundant worm casts; diffuse boundary. 
Black (10YR 2/l) light silty clay 
loam; very dark gray (10YR 3/1) 
crushed; common fine dark brown to 
yellowish brown mottles in ped in­
teriors; fine moderate subangular 
blocky-crumb; slightly firm; slightly 
platic when wet; common-abundant worm 
casts; diffuse lower boundary. 
3-Molst colors unless otherwise noted. 
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Horizon 
Sample desig- Depth 
no. nation (in.) 
10-4 
10-5 
10-6 
b12 
Cl 
'12 
33-50 
50-75 
75+ 
Description 
Black to very dark gray (10YR 2.5/1) 
medium silty clay loam; common fine 
dark reddish brown mottles and soft 
fine Fe concretions on ped interiors ; 
moderate fine subangular blocky; 
slightly firm ; slightly sticky when 
wet; diffuse lower boundary. 
Very dark grayish brown (10YR 3/1) 
light silty clay loam; common fine 
dark brown mottles ; massive; friable; 
few fine soft Fe-Mn concretions; 
diffuse lower boundary. 
Dark gray (10YR 4/1) light silty clay 
loam; abundant dark brown and yellow­
ish brown mottles ; massive; friable; 
non-calcareous. 
Profile 11 
Kennebec silt loam, variant A (overwash phase) 
Location: 200 feet east and 330 feet north of the SW corner 
of the NE 1/4 of the NE 1/4 of sec. 14, T. 80 N., 
R. 43 W., Harrison County, Iowa, Area 2. 
Map unit : (2-1) 
Slope: 0-1 per cent 
Vegetation: Millet 
Site: On the levee of the abandoned natural stream channel. 
Collected by: G. H. Simonson - 10/22/58 
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Horizon 
Sample desig- Depth 
no. nation (in.) 
11-1 Ap 0-8 
11-2 II Allb 11-18 
11-3 II Bllb 18-30 
11-4 II B12b 30-43 
11-5 II Cllb 43-60 
Description 
Very dark grayish brown1 (10YR 3/2) 
light silt loam; somewhat stratified 
with dark grayish brown (10YR 4/2) 
in lower 2 inches; fragmental-massive; 
friable; moderately mottled at lower 
contact; abrupt boundary. 
Very dark brown (10YR 2/2) light silt 
loam; slightly stratified with dark 
grayish brown (10YR 4/2); very weak 
medium subangular blocky with a 
slight tendency toward platiness; 
friable; sparse to common worm casts; 
this layer appears to be more compact 
than those below; non-calcareous; 
gradual lower boundary. 
Very dark brown (10YR 2.5/1.5) light 
silt loam: very dark grayish brown 
(10YR 3/2) crushed; very weak medium 
subangular blocky; very friable ; 
common very dark brown (10YR 2/2) 
worm casts; diffuse lower boundary. 
Very dark brown (10YR 2.5/2) light 
silt loam: very dark grayish brown 
(10YR 3/2) crushed; very weak medium 
subangular blocky; very friable ; 
common to abundant worm casts; main 
expression of structure may be the 
result of worm activity; slightly 
calcareous in spots; gradual lower 
boundary• 
Very dark grayish brown (10YR 3/2) 
light silt loam; very weak medium 
subangular blocky-massive; very 
friable-loose; common worm casts; 
moderately calcareous; diffuse lower 
boundary. 
3-Moist colors unless otherwise noted. 
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Horizon 
Sample desig- Depth 
no. nation (in.) 
11-6 II C2b 60+ 
Description 
Dark gray ( 10YR 4/1) to very dark 
grayish brown (10YR 3/2) light silt 
loam; grading with depth to strati­
fied very dark gray (10YR 3/1) and 
gray to light gray (10YR 6/1); 
abundant fine brown mottles; massive; 
friable; slightly to moderately cal­
careous . 
Location: 
Profile 12 
Napier silt loam 
165 feet north and 400 feet east of the SW corner 
of the NW 1/4 of the SW 1/4 of sec. 21, T. 81 N., 
R. 42 W., Harrison County, Iowa, Area 3. 
Map unit: (0-6) 
Slope: 2-3 per cent 
Vegetation: Corn 
Site: Lower one-third of a small fan formed at the base of a 
small side valley waterway. 
Collected by: G. H. Simonson - 10/23/58 
Sample 
no. 
12-1 
Horizon 
desig­
nation^ 
Ap 
Depth 
(in.) 
0-7 
Description 
Very dark brown1 (10YR 2/2) silt 
loam; slight mixing with dark grayish 
brown (10YR 4/2); dark grayish brown 
(10YR 4/2) dry; very weak fine granu­
lar to massive; friable; clear lower 
boundary. 
3-Moist colors unless otherwise noted. 
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Horizon 
Sample desig- Depth 
no. nation (in.) 
12-2 A 12 7-18 
12-3 B1X 18-30 
12-4 b12 30-44 
12-5 b3 44-60 
12.-6 
12-7 
'11 
'12 
60-85 
85+ 
Description 
Very dark brown (10YH 2/2) silt loam;. 
dark grayish brown (10YR 4/2) dry; 
very dark brown to very dark grayish 
brown (10YR 2-5/2) crushed; weak fine 
subangular blocky; friable; common 
worm casts; diffuse lower boundary. 
Very dark brown (10YR 2/2) silt loam; 
with some dark brown (10YR 2.5/2.5) 
surfaces ; very dark grayish brown 
(10YR 3/2) crushed; dark brown (10YR 
4/2.5) dry; weak fine and medium sub-
angular blocky; friable; common worm 
casts; diffuse lower boundary. 
Dark brown (10YR 2.5/3) silt loam; 
dark brown (10YR 3/3) crushed; very 
weak fine and medium subangular 
blocky; friable; common worm casts; 
diffuse lower boundary. 
Dark brown (10YR 3/3) silt loam; 
dark brown (lOYR 3.5/3) crushed; 
very weak medium angular blocky; 
friable; sparse worm casts; diffuse 
lower boundary. 
Dark brown to dark yellowish brown 
(10YR 3/3.5) silt loam; massive; fri­
able; diffuse lower boundary. 
Dark brown to dark yellowish brown 
(10YR 3/3.5) silt loam; sparse faint 
grayer mottles; massive; friable; 
non-calcareous. 
Location: 
Profile 13 
Napier silt loam 
100 feet south and 25 feet west of the NE corner 
of the NE 1/4 of the NW 1/4 of sec. 27, T. 82 N.,  
R. 42 W., Monona County, Iowa, Area 4 
Map unit: (0-6) 
202 
Vegetation: Permanent wild hay meadow. 
Slope: 2 per cent 
Site : Lower third of large gently sloping fan at mouth of a 
subwatershed waterway (now entrenched). 
Collected by: G. H. Simonson - 10/24/58 
Horizon 
Sample desig- Depth 
no. nation (in.) 
13-1 ill 0-12 
13-2 l12 12-26 
13-3 B 11 26-44 
13-4 B 12 44-58 
Description 
Black1 (lOYR 2/l) silt loam; dark 
gray (10YR 4/1) dry ; moderate fine-
medium granular; friable; abundant 
fibrous roots; diffuse lower bound­
ary . 
Very dark brown (10YR 2/2) silt loam; 
dark grayish brown (lOYR 4/2) dry; 
very dark brown to grayish brown 
(10YR 2.5/2) crushed; weak fine and 
medium subangular blocky; friable; 
common indistinct worm casts; diffuse 
lower boundary. 
Very dark brown (10YR 2/2) silt loam; 
very dark grayish brown (lOYR 3/2) 
crushed; grayish brown (lOYR 5/2) 
dry ; weak fine and medium subangular 
blocky; friable; common worm casts; 
coatings on structure faces are 
thinner than above but interior color 
doesn't show until structural units 
are quite finely divided; common worm 
casts; diffuse lower boundary. 
Very dark brown to very dark grayish 
brown (lOYR 2.5/2) silt loam: some 
very dark grayish brown (10Y& 3/2) 
patches ; very dark grayish brown 
(10YR 3/2) crushed; sparse fine in­
distinct mottles appear when crushed; 
massive; friable; sparse-common worm 
casts ; diffuse lower boundary. 
%oist colors unless otherwise noted. 
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Sample 
no • 
13-5 
13-6 
Horizon 
desig- Depth 
nation (in. ) 
°11 58-85 
'12 85-115 
Description 
Variegated very dark to dark gray 
(10YR 3/1-4/1) and dark brown (10YR 
3/3) to dark yellowish brown (10YB 
4/3) silt, loam ; massive ; friable; 
diffuse lower boundary. 
Dark grayish brown (10YR 4/2) silt 
loam; abundant fine dark yellowish 
brown (10YR 4/4) and dark brown 
(10YR 3/3) mottles; common fine soft 
dark brown (lOYR 3/3) concretions ; 
massive; friable; non-calcareous• 
Profile 14 
Napier silt loam (overwash phase) 
Location: 300 feet south and 340 feet west of the NE corner 
of the SW 1/4 of the NW 1/4 of sec. 16, T. 83 N., 
R. 41 W., Crawford County, Iowa, Area 5. 
Map unit: (2-6) 
Vegetation: Permanent bluegrass pasture 
Slope: 3 per cent 
Site: Lower fan surface, distinctly above floodplain level, 
200 feet from nearest valley wall. 
Collected by: G. H. Simonson 
Horizon 
Sample desig- Depth 
no. nation (in.) Description 
14-1 Overwash 0-8 Very dark grayish brown1 (lOYR 3/2) 
silt loam; one inch of dark grayish 
brown (lOYR 4/2) at contact; weak 
crumb to massive with a slight ten­
dency to platiness; friable; sparse 
worm casts in lower part; non-cal-
• careous; abrupt lower boundary. 
iMoist colors unless otherwise noted. 
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Horizon 
Sample desig- Depth 
no. nation (in.) 
14-2 II Allb 8-20 
14—3 II A^pb 20—32 
14-4 II Bllb 32-45 
14-5 II B12b 45-56 
14-6 IÏ 0llb 56-75 
14-7 II C12b 75-90 
11 °21b 
Description 
Very dark brown (10Y& 2/2) silt loam; 
very dark grayish brown (lOYR 3/2) 
dry; very dark brown (10YR 2.5/2) 
crushed; moderate fine subangular 
blocky breaking to fine granular; 
compact in upper part with a ten­
dency toward platlness. 
Very dark brown (10YR 2/2) silt loam; 
very dark grayish brown (10YR 3/2) 
crushed; dark grayish brown to brown 
(lOYR 2.5/4) dry ; moderate fine and 
medium subangular blocky; friable; 
common-abundant worm casts ; diffuse 
lower boundary. 
Very dark brown to very dark grayish 
brown (10YR 2.5/2) silt loam; very 
dark grayish brown to dark brown 
(lOYR 3/2.5) crushed; weak fine and 
medium subangular blocky; friable; 
common worm casts; diffuse lower 
boundary. 
Very dark brown to very dark grayish 
brown (10YR 2.5/2) silt loam; dark 
brown (lOYR 3/3) crushed; weak medium 
subangular blocky; friable; sparse 
worm casts; diffuse lower boundary. 
Dark brown (10YR 3/3) silt loam; 
contrast mot ties ; massive; friable; 
diffuse lower boundary. 
Similar to the horizon above. 
Dark gray to dark grayish brown (10YR-
2.5YR 4/1-5/2) silt loam; abundant 
medium strong brown (7.5YR 5/4) and 
yellowish brown (10YR 5/4) mottles; 
massive; friable; non-calcareous. 
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Profile 15 
McPaul-Nodaway silt loam 
Location: 250 feet south and 360 feet west of the center of 
sec. 10, T. 79 N., R. 43 W., Harrison County, Iowa, 
Area 
Map unit; (3+-4) 
Vegetation: Corn 
Slope : 0-1 per cent 
Site: Level floodplain, 3 50 feet sway from abandoned natural 
stream channel. This was apparently a rather wet 
swampy area before cultivation and straightening of 
the Willow River channel. 
Collected by: G. H. Slmonson - 11/3/58 
Horizon 
Sample desig- Depth 
no. nation (in.) 
15-1 Over-
wash! 
0-10 
Over- 10-13 
washia 
15-2 Over-
washp 
13-19 
Description 
Very dark grayish brown1 (lOYR 3/2) 
silt loam; massive; friable; compact; 
non-calcareous; abrupt wavy boundary. 
Very dark grayish brown (lOYR 3/2) 
silt loam, stratified with grayish 
brown to dark grayish brown (10YR 
4/2-5/2) silt loam; sparse fine yel­
lowish brown (10YR 5/4) mottles; very 
weak medium blocky; friable; sparse 
worm casts ; non-calcareous ; abrupt 
lower boundary. 
Very dark gray (lOYR 3/1) medium 
silty clay loam; abundant fine dark 
reddish brown (5YR 3/4) and dark 
brown (7.5YR 3/2) mottles; very fine 
moderate angular blocky; slightly 
firm; plastic when wet; abrupt lower 
boundary. 
1Moist colors unless otherwise noted. 
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Horizon 
Sample desig- Depth 
no. nation (in.) 
Over- 19-21 
wash* 
15-3 Over- 21-28 
wash^ 
15-4 
II Allb 28-31 
II A 12b 
15-6 II C lb 
31-44 
15-5 II ABb 44-70 
70-112 
Description 
Dark grayish brown (10YR 4/2) light 
silt loam; abundant fine yellowish 
brown (10YR 5/4) mottles; fine weak 
angular blocky; friable; clear lower 
boundary. 
Very dark gray (10YR 3/1) heavy silt 
loam; abundant dark brown to brown 
(7.5YR4/4) mottles; moderate fine 
and medium subangular blocky; fri­
able; common to abundant worm casts; 
slightly calcareous in lower part ; 
clear boundary. 
Mixed very dark gray (lOYR 3/1) and 
black (10YR 2/1) heavy silt loam; 
weak medium subangular blocky; fri­
able; moderately calcareous ; clear 
boundary. 
Black (N 2/0-2/1) light silty clay 
loam; weak medium-coarse prismatic, 
breaking to weak medium-coarse blocky; 
slightly firm, plastic when wet ; 
sparse worm casts; highly calcareous ; 
abundant shells; diffuse boundary. 
Black (N 2/0-2.5/0) heavy silty clay 
loam-light silty clay; weak coarse 
prismatic breaking to weak-moderate 
medium angular blocky; firm; plastic 
when wet; sparse worm casts; highly 
calcareous;•abundant shells; diffuse 
boundary. 
Very dark gray (10YR 3/1) medium to 
heavy silty clay loam; common reddish 
brown (5YR 4/3) mottles; weak medium 
angular blocky-masslve; firm; plastic 
when wet ; highly calcareous ; common 
shells. 
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Profile 16 
Kennebec silt loam 
Location: 410 feet south and 60 feet east of the NW corner 
of the NW 1/4 of the NE 1/4 of sec. 27, T. 82 N., 
R. 42 W., Monona County, Iowa, Area 4. 
Map unit: (0-2) 
Vegetation: Corn 
Slope : 1-2 per cent 
Site: Near the lower edge of a large gently sloping fan; 
appears to be slightly above the floodplain level. 
Collected by: G. H. Simonson - 11/4/58 
Horizon 
Sample desig- Depth 
No. nation (in.) 
16-1 Ap 
16-2 A]_g 
0-7 
7-19 
16-3 Bi;l 19-29 
16-4 B12 29-41 
Description 
Black1 (10YR 2/1) medium silt loam; 
black to very dark brown (10YR 2/1.5) 
crushed; dark grayish brown (lOYR 
4/2) dry ; fragmentai-breaking to very 
weak fine granular; friable; non-
calcareous ; clear boundary. 
Black (lOYR 2/1) heavy silt loam; 
black to very dark brown (10YR 2/1.5) 
crushed; moderate fine-medium granu­
lar; friable; sparse worm casts ; 
diffuse boundary. 
Black (10YR 2/1) light silty clay 
loam; very dark brown (10YR 2/2) 
crushed; sparse low contrast mottles ; 
weak-moderate fine subangular 
blocky; friable; sparse worm casts; 
diffuse boundary. 
Black (10YR 2.5/1) light silty clay 
loam; very dark gray (10YR 3/1) 
crushed; sparse to common fine yellow­
ish brown X10YR 5/4) mottles ; sparse 
worm casts; gradual boundary. 
•'-Moist colors unless otherwise noted. 
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Sample 
no. 
16-5 
16-6 
Horizon 
desig- Depth 
nation (in.) 
B, 
'11 
16-7 Clg 
Description 
41-58 Very dark gray (lOYR 2.5/1-3/1) heavy 
silt loam; very dark gray (10YR 3/1) 
crushed; common fine and medium brown 
(7.5YR 5/4) and gray (2.5YR 5/1) 
mottles in interiors of structure 
units; moderate medium angular blocky; 
slightly firm, slightly plastic when 
wet; sparse worm casts; diffuse lower 
boundary. 
58-80 Dark gray (10YR 4/l) heavy silt loam; 
abundant medium strong brown. (7.5YR 
5/6) and yellowish brown (10YR 5/6) 
mottles; sparse fine soft Pe concre­
tions ; very weak medium-coarse angu­
lar bloc ky-m as s i v e; slightly firm, 
slightly plastic when wet; diffuse 
lower boundary. 
80-110+ Dark gray (lOYR 4/1) heavy silt 
loam; common yellowish brown (lOYR 
5/6) mottles ; common dark brown-
strong brown, soft, fine Fe concre­
tions ; massive; friable. 
Location: 
Profile 17 
Colo silt loam 
730 feet south and 130 feet east of the NW corner 
of the NW 1/4 of the NE 1/4 of sec. 27, T. 82, 
R. 42, Monona County, Iowa, Area 4. 
Map unit: (0-3) 
Vegetation: Corn 
Slope: 0-1 per cent 
Site: On floodplain between and outboard from the distal 
edges of large gently sloping fans. 
Collected by: G. H. Simonson - 11/4/58 
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o 
Sample 
no. 
16-5 
Horizon 
desig- Depth 
nation (in.) 
B, 41-58 
16-6 
'11 
Description 
Very dark gray (10YR 
silt loam; very dark 
crushed; common fine 
(7.5YR 5/4) and gray 
mottles in interiors 
2.5/1-3/1) heavy 
gray (10YR 3/1) 
and medium brown 
(2.5YR 5/1) 
of structure 
16-7 G12 
units; moderate medium angular blocky; 
slightly firm, slightly plastic when 
wet; sparse worm casts; diffuse lower 
boundary. 
58-80 Dark gray ( 10YR 4/1) heavy silt loam; 
abundant medium strong brown (7.5YR 
5/6) and yellowish brown (lOYR 5/6) 
mottles; sparse fine soft Fe concre­
tions ; very weak medium-coarse angu­
lar blocky-massive; slightly firm, 
slightly plastic when wet ; diffuse 
lower boundary. 
80-110+ Dark gray (lOYR 4/1) heavy silt 
loam; common yellowish brown (lOYR 
5/6) mottles ; common dark brown-
strong brown, soft, fine Fe concre­
tions; massive; friable. 
Location: 
Profile 17 
Colo silt loam 
730 feet south and 130 feet east of the NW corner 
of the NW 1/4 of the NE 1/4 of sec. 27, T. 82, 
R. 42, Monona County, Iowa, Area 4. 
Map unit: (0-3) 
Vegetation: Corn 
Slope: 0-1 per cent 
Sitj: On floodplain between and outboard from the distal 
edges of large gently sloping fans. 
Collected by: G. H. Simonson - 11/4/58 
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Horizon 
Sample desig- Depth 
no• nation (in.) 
17-1 
'11 0-12 
17-2 12 12-24 
17-3 311 24-38 
17-4 B 12 38-52 
17-5 B, 52-67 
Description 
Black1 (lOYR 2/l) heavy silt loam; 
sparse fine dark brown (10YR 3/3) 
mottles in ped interiors ; fragmentai 
in the plow layer; moderate fine sub-
angular blocky-crumb below; friable; 
non-calcareous ; diffuse lower bound­
ary. 
Black (10YR 2/1) light silty clay 
loam; sparse fine dark brown (10YR 
3/3) and (7.5YR 5/4) strong brown 
mottles and/or fine soft Fe concre­
tions ; moderate-strong fine sub-
angular blocky; slightly firm, plas­
tic when wet; diffuse lower boundary. 
Black (lOYR 2/l) medium silty clay 
loam; black to very dark gray (10YR 
2.5/1) crushed; sparse fine dark 
brown (10YR 3/3) mottles on ped in­
teriors ; tendency to break in long 
irregular vertical coarse prisms ; 
moderate medium-fine angular blocky; 
slick faces on structure units ; firm; 
plastic when wet; diffuse lower 
boundary. 
Black to very dark gray ( 10YR 2.5/1) 
medium silty clay loam; sparse to 
common fine dark brown-strong brown 
(7.5YR 3/3-5/6) mottles and soft Fe 
concretions; coarse-medium prismatic 
breaking to moderate coarse to medium 
angular blocky; firm; plastic when 
wet; slick faces on structure units; 
diffuse lower boundary. 
Very dark gray (10YR 3/1) medium 
silty clay loam; common fine dark 
brown-brown (7.5YR 4/4) mottles and 
soft Fe concretions; weak medium 
prismatic breaking to weak coarse 
angular blocky; firm, plastic when 
wet; diffuse lower boundary. 
^Moist colors unless otherwise noted. 
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Horizon 
Sample desig- Depth 
no. nation (in.) Description 
17-6 0^ 67-108 Very dark to dark gray (10YR 3.5/1) 
medium silty clay loam: sparse yel­
lowish brown (10YR 5/6) mottles; 
massive; friable-slightly firm; 
slightly sticky when wet; non-cal-
careous. 
Location: 
Profile 18 
Napier silt loam (overwash phase) 
528 feet south and 295 feet west of the NE corner 
of the NW 1/4 of the NW 1/4 of sec. 21, T. 79 N., 
R. 43 W., Harrison County, Iowa, Area la. 
Map unit: (2-6) 
Vegetation: Corn 
Slope: 1-2 per cent 
Site: On lower fan surface, still above floodplain level. 
Collected by: G. H. Slmonson 
• Horizon 
Sample desig- Depth 
nation (in.) no 
18-1 Overwash 0-12 
18-2 II A lib 13-25 
Description 
Very dark grayish brown1 (lOYR 3/2) 
light silt loam; dark grayish brown 
(10YR 4/2) dry; common mixing of very 
dark brown (10YR 2/2) and grayish 
brown (lOYR 5/2); fragmental-massive; 
friable; non-calcareous; abrupt wavy 
boundary. 
Black (lOYR 2/1) silt loam: black to 
very dark gray (10YR 2/1.5) crushed; 
moderate fine granular; friable; abun­
dant worm casts ; diffuse lower bound­
ary. 
'-Moist colors unless otherwise noted. 
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Horizon 
Sample desig- Depth 
no. nation (in.) 
18-3 II Alsb 25-40 
18-4 II 40—52 
18-5 II B12b 52-65 
18-6 II Cllb 65-80 
18-7 II C 12b 80-115 
Description 
Very dark brown (10YR 2/2) silt loam; 
very dark brown to very dark grayish 
brown (lOYR 2.5/2) crushed; weak fine 
and medium subangular blocky; fri­
able; abundant worm casts ; diffuse 
lower boundary. 
Very dark grayish brown (10YR 3/2) 
silt loam; dark brown (lOYR 3/2.5-
3/3) crushed; very sparse fine in­
distinct brown (7.5YH 3/4) moteles; 
weak fine and medium subangular 
blocky; friable; common-abundant 
worm casts ; diffuse lower boundary. 
Very dark grayish brown (10YR 2.5/2) 
silt loam; very dark grayish brown 
to dark brown (10YR 3/2.5) crushed; 
sparse-common fine indistinct browner 
and grayer mottles in structure in­
teriors ; weak medium subangular 
blocky; friable; common worm casts; 
diffuse lower boundary. 
Dark brown to brown (10YR 4/3) light 
silt loam; abundant medium grayer and 
fine browner mottles; massive; fri­
able; diffuse lower boundary. 
Dark grayish brown to dark brown 
(10YR 4/2-4/3) light silt loam; com­
mon fine faint grayer and browner 
mottles ; massive; friable; non-
calcareous , 
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Table 5« Laboratory data for the 18 profiles of the study 
Profile Per cent of soil sample Ratio 
and Soil Depth, 2-20yU 20-50/1 5QM + 20-50JA / 
Soil name ' sample no. horizon inches Clay silt silt silt 2-20/A PH 
Group I 
Napier 7-1 Ap 0-7 23.3 21.0 54.1* 1.3 2.6 6.1 
silt loam 2 %2 7-l4 22.lt 20.4 56.0 1.2 2.7 6.4 
3 Bll(?) 11-26 22.8 20.2 55.7 1.3 2.8 6.7 
4 Bi2(?) 26—U0 21.9 20.0 55.8 2,3 2.8 6.8 
5 B3(?) 40-55 21.1 19.2 57.0 2.7 3.0 6.7 
6 Cil #-80 21.9 19.7 55.8 2.6 2.9 6.6 
7 c12 80-90 22.1 21.0 54.4 2.5 2.6 6.9 
8 02 90-100 19.4 24.3 52.5 3.8 2.2 7.6 
Napier 18-1 (o.w.) 0-l3 17.5 35.9 44.0 2.6 1.3 6.0 
silt loam 2 II Allb 13-25 21.8 22.1* 53.9 1.9 2.4 6.2 (overwash 3 II A1Ph 25-40 23.1* 23.8 51.0 1.8 2.1 6.3 
phase) 4 II Bllb(?)40-52 . 23.1 23.6 51.5 1.8 2.2 6.3 
5 II Bi2b( 7)^2-65 21.7 21.1* 55.2 1.7 2.6 6.5 
6 II Ont 65-80 19.8 20.8 57.6 1.8 2.8 6.7 
7 II Ci2b 80-115 19.8 20.6 57.7 1.9 2.8 6.9 
Napier 12-1 Ap 0-7 21.4 21.8 55.7 1.1 2.6 6.1 
silt loam 2 a12z 7-18 23.5 24.0 51.5 1.0 2.2 6.3 
3 %l(?) 18-30 22.7 2 3.0 53.5 0.8 2.3 6.4 
il, B12(?) 30-14+ 22.û 22.1 54.9 0.6 2.5 6.4 
5 B3(Î) 44-60 22.1 23.0 54.0 0.9 2.4 6.3 
6 Cil 60-85 22.2 22.7 54.0 1.1 2.4 6.5 
7 c12 85-110 20.7 20.0 58.0 1.3 2.9 6.9 
Napier 14-1 (O.W.) 0-8 21.3 19.9 57.1 1.7 2.9 6.8 
silt loam 2 II Aub 8-20 25.3 21.6 52.2 0.9 2.4 6.8 (overwash 3 II Ai2b 20-32 25.8 23.1 49.9 1.2 2.2 6.1 
phase) it II Bnb(?) 32-45 26.5 22.3 50.0 1.2 2.2 5.4 
II B12b(?)45-56 25.8 22.6 50.3 1.3 2.2 5.4 
6 II Cllb 56-75 25.8 23*7 49.6 0.9 2.1 5.4 
7 II Cl2b 75-90 25.9 22.8 50.5 0.8 2.2 6.3 
8 II Ccib 90-112 — — 0.9 — — 6.8 
Monona 2-1 Ap 0-6 23.9 25.8 50.0 0.3 1.9 6.1 
silt loam 2 a12 s 6-12 26.0 27.3 46.2 0,5 1.7 6.3 
3 Bï(? 12-22 21*.1 27.0 48.5 0.4 1.8 6.3 
4 B2(?) 22-31 22.4 27.3 49.7 0.6 1.8 6.4 
5 B3(?) 31-1*3 20.1 27.3 51.8 0.8 1.9 6.5 
6 On 43-60 21.8 27.1 50.3 0.8 1.9 6.6 
7 c12 60-85 20.8 27.4 ' 51.2 0.6 1.9 6.7 
Exchangeable cations, 
Ratio m.e. per 100 g. soil Per cent Per cent of soil sample 
20-$0}^ J Exch.' base CaCC^  Organic Total 
2-20/*. pH Exch. H bases Sum saturation equiv. FegOj carbon nitrogen C/N ratio 
2.6 6.1 2.6 22.0 24.6 89.5 1,2 1.91 0.132 14.5 
2.7 6.i|. 1.7 23.1 24.9 93.0 1.2 1.99 0.135 14.7 
2.8 6.7 1.2 22.2 23.5 94.7 1.2 1.78 0/123 14.5 
2.8 6.8 1.0 19.7 20.8 95.0 1.3 1.00 0.079 12.6 
3.0 6.7 1.0 17.9 18.9 94.5 1.3 0.77 0.061 12.6 
2.9 6.6 1.1 18.9 20.0 94.3 1.3 0.68 0.000 -T-
2.6 6.9 1.3 — — — — — 1.3 0.51 0.046 11.9 
2.2 7.6 — — 100.0 — ™ 0.036 — — 
1.3 6.0 2.7 18.5 21.1 87.1 1.3 1.45 
2.4 6.2 2.8 23.8 26.7 89.4 2.0 1.66 
2.1 6.3 2.3 23-3 25.6 91.1 1.6 1.90 
2.2 6.3 1.9 20.2 22.1 91.5 1.6 1.25 
2.6 6.5 1.7 24.6 26.3 93.6 1.6 0.94 
2.8 6.7 — — — — — — — 1.5 0.65 
2.8 6.9 — — — - - 0.53 
2.6 6.1 1.0 1.87 0.126 14.8 
2.2 6.3 1.1 1.67 0.120 13.9 
2.3 6.4 1.4 1.44 0.099 14.5 
2.5 6.4 1.2 1.29 0.091 lit. 2 
2.it 6.3 1.2 0.89 0.068 13.1 
2.h 6.5 1.2 0.58 0.064 9.1 
2.9 6.9 — 0.59 0.057 10.2 
2.9 6.8 1.2 1.75 0.105 16.7 
2.4 6.8 1.2 2.16 0.140 15.4 
2.2 6.1 1.3 1.76 0.119 14.8 
2.2 5.1 1.4 1.60 — 14.0 
2.2 5.U 1.3 1.24 0.114 14.9 
2.1 5.4 1.4 1.00 O.O83 12.0 
2.2 6.3 1.3 0.85 0.070 12.0 
— — 6.8 1.1 0.55 0.046 11.9 
1.9 6.1 3.9 17.2 21.1 81.3 1.6 1.91 0.135 14.1 
1.7 6.3 4.3 18.7 23.0 81.2 1.6 1.92 0.145 13.2 
1.8 6.3 3.6 16.0 19.6 81.5 1.7 1.60 0.120 13.3 
1.8 6.4 2.9 16.4 19.3 84.8 1.7 1.10 0.082 13.4 
1.9 6.5 2.1 14.4 16.4 87.3 1.7 0.66 0.047 12.0 
1.9 6.6 1.6 16.0 17.7 90.7 1.6 0.35 0.030 11.7 
1.9 6.7 1.6 16.5 18,1 90.1 1.5 0.26 0.030 8.7 
Table 5» (Continued) 
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Profile Per cent of soil sample Ratio 
and Soil Depth, 2-20>k 20-50/x 5ÔM+ 20-50/* / 
Soil name sample no. horizon inches Clay silt silt silt 2-20/* j 
Group II 
Napier 13-1 An 0-12 24.2 24.5 50.7 0.6 2.1 
silt loam 2 a12 12-26 24-5 24.8 50.1 0.6 2.0 
3 BU(?) 26-44 23.3 23.7 52.2 0.8 2.2 
4 BIGT?) 24.u 24.2 50.9 0.9 2.1 
5 C11 58-82 24.9 24.1 50.2 0.8 2.1 
6 C12 85-115 23.1 24.5 51.8 0.6 2.1 
Kennebec 16-1 Ap 0-7 26.8 26.6 46.0 0.6 1.7 
silt loam 2 a12 7-19 26.7 25.8 46.8 0.7 1.8 
3 W?) 19-29 27.8 26.3 45.1 0.8 1.7 
4 BL2(?) 29-kl 28.0 26.4 . 44.5 1.1 1.7 
5 b3 41-58 27.9 25-7 45.3 1.1 1.8 6 Gil 58-80 27.6 25.5 55-7 1.2 1.8 
7 C12 80-100 27.7 25.2 45.7 1.4 1.8 
Colo 17-1 An 0-12 27.5 30.1 42.1 0.3 1.4 
silt loam 2 a12 12-24 30.4 31.2 37.8 0.6 ' 1.2 3 BU(?) 24-38 33.3 34-1 31.2 1.4 • 0.9 
4. 38-52 34.0 34.8 29.5 1.7 0.8 
5 B3I?) 52-67 33.5 33.7 30.5 2.3 1.0 
6 Cl 75-100 34.4 34.1 29.0 2.5 0.9 
Kennebec 9-1 Ap 0-7 17.2 23.0 57.1 2.7 2.5 
silt loam, 2 (O.W.) 7-13 19.4 24.0 53.8 2.8 2.2 
variant A 3 11 Allb 13-21 21.9 24.4 50.5 3.2 2.1 
It II Ai2b ' 21-36 21.9 24.1 51.3 2.7 2.1 
5 II Bib(?) 36-50 • 21.4 23.7 51.8 3.1 2.2 
6 II Cib 50-60 22.0 25.2 49.6 3.2 2.0 
7 II C2 60-30 26.5 25.7 46.1 1.7 1.8 
Exchangeable cations, 
Ratio m.e. per 100 g. soil Per cent Per cent of soil sample 
20-50/* / Exch. base GaCOj Organic Total 
2-20/* pH Exch. H bases Sum saturation equiv. FegOj carbon nitrogen C/N ratio 
2.1 5.3 6.6 23.3 29.9 78.0 1.6 3.11 0.203 15.3 
2.0 5.6 6.7 22.4 29.0 76.7 1.7 2.13 0.148 • 14.4 
2,2 5.8 4.0 20.2 24.2 83.4 1.7 1.52 0.115 13.2 
2.1 5.9 3.3 20.8 24.1 86.4 1.6 1.27 0.109 11.7 
2.1 6.2 2.4 21.5 23.9 89.8 1.7 1.02 0.087 11.7 
2.1 6.7 1.3 21.4 22.7 94.1 1.7 0.63 0.064 9.8 
1.7 5.1 6.9 25.6 32.6 78.7 0.6 3.00 0.187 16.0 
1.5 5.5 5.8 27.3 33.1 82.6 1.5 2.67 0/161 16.0 
1.7 5.9 5.1 30.0 35.1 85.6 1.5 2.31 0.140 16.6 
1.7 6.2 3-9 30.8 34.7 88.8 - - • 1.2 1.62 0.108 15.0 
1.8 6.3 2.0 29.7 31.7 93.6 1.3 1.12 0.080 14-0 
1.8 6.7 l.l 27.9 29.0 96.2 1.2 0.72 0.057 12.6 
1.8 6.8 0.8 29.2 30.1 97.2 1.0 0.69 0.060 11.5 
1.4 5.3 6.3 31.9 38.3 83.4 1.4 3.26 0.218 14.9 
1.2 5.6 4.5 35.9 40.4 88.9 1.3 2.17 0.173 12.5 
0.9 6.1 2.8 39.4 42.2 93.4 1.0 1.74 0.135 12.9 
0.8 6.1+ 2.1 36.5 38.6 94.5 1.0 1.43 O.O87 16.4 
1.0 6.7 1.4 35.9 37.3 96.3 1.1 1.06 0.068 15.5 
0.9 6.9 1.2 37.6 38.8 96.8 1.1 0.88 0.059 14.9 
2.5 7-0 0.1 22.2 22.3 99.3 2.8 1.0 1.16 0.100 11.6 
2.2 7.0 0.4 22.7 23.1 98.3 0.5 1.0 1.62 0.105 15.4 
2.1 6.8 1.3 28.7 30.1 95.5 — — 0.9 2.01 0.137 14.7 
2.1 6.8 0.9 26.6 27.6 96.6 0.9 1.77 0.118 15.0 
2.2 6.9 0.7 23.7 24.4 97.2 •  — - 0.9 1.36 0.109 12.5 
2.0 7.0 — — —  — 100.0 0.9 0.97 0.065 14.9 
1.8 7-3 - - - - 100.0 2.1 0.9 0.65 0.055 11.8 
Table 5» (Continued) 
Profile Per cent of soil sample Ratio 
and Soil Depth, 2-20/A 20-50/4 50/< + 20-50/t / 
Soil name sample no. •horizon inches Clay silt silt silt 2-20/4 Pi 
Group III 
Napier 5-1 Ap 0-7 19.6 20.3 59.1 1.0 2.9 6.1 
silt loam 2 A12 7-18 21.2 22.6 55.it 0.8 2.4 6.I 
3 W?) 18-32 21.8 22.8 54.8 0.6 2.4 6.' 
4 32-47 21.6 22.lt 55.4 0.6 2.5 6.1 
5 17-60 20.5 21.7 57.0 0.8 2.6 6.1 
6 Cl 60-85 . 22.5 22.6 53-9 1.0 2.4 7.' 
Kennebec 3-1 Ap(0.W. ) 0—3 20.0 20.1 59.0 0.9 2.9 7.: 
silt loam 2 An 8-16 23.7 23.2 52.6 0.5 2.3 7.' 
3 a12 16-31 22.8 22.lt 53.9 0.9 2.4 7.' 
4 BE(?) 31-15 24.0 '21*.1 51.0 0.9 2.1 6.! 
15-60 25.9 26.0 47-4 0.7 1.8 6.! 
6 Cl 60-92 29.2 29.it 4i.o 0.4 1.4 6. 
Colo 10-1 Ap 0-8 24.9 27.1 47.0 1.0 1.7 6. 
silt loam 2 A12 8-20 30.5 30.1 39.1 0.3 1.3 6. 
3 Bll(?) 20-33 29.4 30.3 38.8 1.5 1.3 6. 
4 Bl2(?) 33-50 33.lt 32.1 32.0 2.5 1.0 6. 
5 Cl 50-75 30.3 31.3 36.1 2.3 1.1 6. 
6 Ci2 75-92 30.0 31.0 36.4 2.6 1.2 -
Kennebec 11-1 Ap 0-8 17.2 I8.lt 58.4 6.0 3.2 6. 
silt loam, 2 11 Allb 11-18 19.lt 20.2 55.2 5.2 2.7 7. 
variant A 3 II BHb( ?)l8-30 I8.it 21.0 54.3 6.3 2.6 7. 
it II Bi2b(?)30-U3 18.0 20.3 54.5 7.6 2.7 7. 
5 II cHb 43-60 17.it 19.8 55.4 7.4 2.8 7. 
6 II c2b 60-95 16.6 19.2 56.2 8^ 0 2.9 7. 
Exchangeable cations, 
>io m.e. per 100 g. soil Per cent Per cent of soil sample 
>0/* / Exch. base OaCO^  Organic Total 
?0yW pH Exch. H. bases Sum saturation equiv. FegOj carbon nitrogen C/N ratio 
.9 6.6 1.8 22.9 24.8 92.6 1.0 1.93 0.131 14.7 
.4 6.6 1.2 27.6 28.9 95.7 1.0 2.42 0.150 16.1 
.4 6.7 2.0 25.0 27.0 92.7 1.1 1.94 0.132 14.7 
• 5 6.8 1.3 22.6 24.0 94.4 1.1 1.49 0.097 15.4 
,6 6.8 1.2 19.9 21.2 94.1 1.1 1.08 0.085 12.7 
7.0 1.2 20.3 21.6 94.3 1-4 0.94 0.068 13.8 
.9 7.1 0.6 22.0 22.7 97.1 1.0 1.44 0.103 14.0 
.3 7.0 1.7 27.2 28.9 94.1 0.9 1.78 0.114 15.6 
.4 7.0 1.3 27.4 28.8 95.3 0.9 1.63 0.109 15.0 
.1 6.9 1.3 24.7 26.1 94.9 0.9 1.31 0.097 13.5 
.8 6.9 1.3 23.8 25.2 94.7 0.9 1.21 0.090 13.4 
• 4 6.9 1.7 25.3 27.0 93.7 1.0 0.75 0.077 9.7 
.7 6.7 1.6 29.8 31.4 94.8 1.1 2.33 0.139 16.0 
.3 6.4 1.9 36.8 38.7 95.1 0.9 2.66 0.164 16.2 
.3 6.5 1.7 . 31.7 33.4 94.9 1.0 1.73 0.112 15.5 
.0 6.5 1.2 32.2 33.5 96.4 1.0 1.40 0.091 15.4 
.1 6.7 1.2 27.6 28.9 95.7 1.0 1.00 0.067 15.0 
.2 — 1.0 27.6 28.6 96.5 1.1 0.82 0.059 14.0 
.2 6.9 0.7 20.8 21.5 96.6 • »— 1.0 1.42 0.088 16.1 
.7 7.0 0.5 27.1 27.8 98.0 1.0 1.49 0.093 16.0 
.6 7.2 — — — — — — 100.0 0.8 1.2 1.51 0.089 15.9 
.7 7.3 — 100.0 1.2 1.2 1.22 0.079 15.5 
.8 7.2 — — — — 100.0 1.2 1.2 1.11 0.073 15.2 
.9 7.4 — 100.0 1.6 1.2 0.75 0.050 15.0 
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Table 5» (Continued) 
Profile Per cent of soil sample 
] 
Ratio i 
and Soil Depth, 2-20M 20-50/* 50/* + 20-£0>i / 
Soil name sample no. horizon inches Clay silt silt silt 2-20/A PH ] 
Group IV . 
McPaul- 8-1 (o.w.) 0-18 14.2 9.9 68.8 7.1 6.9 7.4 
Nodaway 2 II Apb(?) 18-25 33.6 31.7 32.9 1.8 1.0 7.1 
3 II A12b(?)25-31 49.0 35.0 16.0 — o.5 6.9 
4 II AClb(?)31-36 36.1 35.2 27.9 0.9 0.8 6.9 
5 II AC2b(?)36-55 37.1 39.3 22.8 0.8 0.6 7.0 
6 III Alb 55-80 37.9 39.1 21.7 1.3 0.5 7.4 
McPaul- 15-1 (o.w.)T 0-10 25.2 34.0 40.5 0.3 1.2 7.2 
Nodaway 2 (O.W.) 2 13-19 34.8 62.6 2.0 0.6 0.0 7.0 
3 (O.W.)b 21-28 27.9 31.8 39.4 0.9 1.2 7.3 
4 II A%2b 31-44 30.6 35.0 32.6 1.8 0.9 7.5 
5 II ABb(?) 44-70 4o.4 43.3 15.0 1.3 0.4 7.6 
6 II Gib 70-112 37.4 4o.i 20.9 1.6 o.5 7.6 
McPaul- 6-1 (O.W.)! 0-9 24.9 22.8 48.7 3.6 2.1 7.0 
Nodaway 2 (O.W.) 2 9-28 22.8 20.7 53.0 3-5 2.6 6.9 
3 (O.W.), 28-33 25.4 24-7 47.1 2.8 2.0 •6.8 
4 II Aiib 33-38 28.1 26.2 43.8 1.9 1.7 5.8 
5 II Ai2b 38-52 30.8 28.1 39.5 1.6 1.4 5.7 
6 II Bib(?) 52-65 33.6 29.4 36.5 0.5 1.2 6.3 
McPaul- 4-1 (O.W.)! 0-9 17-9 15.7 60.0 6.4 3.8 7.1 
Nodaway 2 (O.W.)2 9-14 18.6 17.6 58.4 5.4 3.3 7.2 
3 (O.W.)] 14-21 21.0 19.4 53.5 . 6.1 2.8 7.2 
4 II Aiib 21-40 21.1 21.3 51.6 6.0 • 2.4 7.2 
5 II Bilb(?)4o-56 20.1 20.5 53.2 5.2 2.6 7.2 
6 II Bi2b(?)56-75 19.3 20.1 54.8 5.8 2.7 7.3 
7 II Clb 75-92 19.2 19.7 55.9 • 5.2 2.8 7.1 
KennebeC 1-1 (o.w.) 0-7 20.0 23.7 54.9 1.4 2.3 7.4 
silt loam, 2 . II Aiib 7-24 23.2 26.1 48.0 2.7 1.8 7.6 
calcareous 3 II A12b(?)24-39 27.2 28.4 42.8 1.6 1.5 7.6 
variant 4 II Bib 39-50 29.1 29.9 38.6 2.4 1.3 7.7 
5 II Clb 67-86 29.4 27.2 40.8 2.6 1.5 7-6 
Exchangeable cations, 
Ratio m.e. per 100 g. soil Per cent Per cent of soil sample 
0-j?0/t / Exch. base CaCOj Organic Total 
2-20/a pH Exch. H bases Sum saturation equiv. Fe20j carbon nitrogen C/w ratio 
6.9 7.4 2.0 0.8 0.86 0.058 14.8 
1.0 7.1 1.7 1.4 2.00 0.146 13.7 
o.5 6.9 1.4 1.6 2.52 0.181 13.9 
0.8 6.9 1.1 1.8 2.15 0.151 14.2 
0.6 7.0 1.2 1.6 2.12 0.141 15.0 
0.5 7.4 5-4 — 2.01 0.127 15.9 
1.2 7.2 0.3 21.3 21.7 99.3 1.5 1.5 1.62 0.124 13.1 
0.0 7.0 0.3 33.6 33.9 98.4 2.0 2.7 2.52 0.170 14.8 
1.2 7.3 — — 100.0 1.7 1.8 2.08 0.142 l4.6 
0.9 7 «5 — —  —  '100.0 13.3 0.7 2.48 0.176 14.1 
0.4 7.6 100.0 16.8 0.7 1.56 0.096 14.5 
o.5 7.6 100.0 5.5 2.1 1.05 0.065 13.6 
2.1 7.0 1.4 1.69 0.126 13.4 
2.6 6.9 1-3 1.60 0.123 13.0 
2.0 6.8 1.4 1.98 0.132 15.0 
1.7 5.8 1.3 2.81 0.176 16.0 
1.4 5.7 1.2 3.20 0.193 16.6 
1.2 6.3 1.2 1.86 0.113 16.5 
3.8 7.1 1.0 1.29 0.105 12.3 
3.3 7.2 1.0 1.23 0.095 12.9 
2.8 7.2 1.1 1.67 0.118 14.2 
2.4 7.2 0.9 2.01 0.120 16.8 
2.6 7.2 0.9 1.38 0.086 16.0 
2.7 7.3 0.9 1.21 0.075 16.1 
2.8 7.1 0.9 1.95 0.059 16.1 
2.3 7.4 3.5 1.78 0.176 
1.8 7.6 19.2 •  — —  0.172 
1.5 7.6 15.4 —  —  0.094 
1.3 7.7 4.5 0.064 
1.5 7.6 O.5 0.056 
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Table 6. Available phosphorus and potassiuma 
Available 
' " U A' 
Profile and Depth, Phosphorus Potassium " Potassium 
sample no. inches (lbs./acre) (lbs./acre) (lbs./acre; 
2-1 0-6 6.7 364 >400 
2 6-12 1.2 130 252 
3 12-22 1.5 111 240 
4 22-31 1.0 91 206 
5 31-43 3.2 78 166 
6 43-60 10.5 70 188 
3-1 0-8 20.0 351 348 
2 8-16 9.5 128 206 
3 16-31 3.0 108 210 
4 31-45 2.2 98 242 
5 45-60 5.5 86 232 
4-1 0-9 10.0 198 278 
2 9-14 1.7 106 196 
3 14-21 3.0 117 214 
4 21-40 11.0 121 228 
5 40-56 15.0 112 246 
5-1 0-7 1.7 181 266 
2 7-18 0. 5 89 206 
3 18-32 0.5 90 204 
4 32-47 0.5 80 194 
5 47-60 1.5 78 230 
6-1 0-9 3.0 209 354 
2 9-28 3.0 128 232 
3 28-33 8.0 101 202 
4 33-38 14.5 98 202 
5 38-52 18-0 136 282 
6 52-65 17.0 115 304 
aSamples analyzed by Iowa State University Soil Testing 
Laboratory (19). 
^Field moist potassium. 
^Conditioned potassium (air dry). 
217 
Table 6. (Continued) 
Available 
Profile and Depth, Phosphorus Potassium Potassium 
sample no. inches (lbs./acre) (lbs./acre) (lbs./acre) 
7-1 0-7 2.7 300 342 
2 7-14 0.7 129 236 
3 14-26 0.7 117 244 
4 25-40 3.0 117 240 
5 40-55 3 • 5 109 254 
6 55-80 1.5 138 296 
7 80-90 2.0 199 322 
8-1 0-18 3.8 147 220 
2 18-25 48.5 >400 ^ 400 
3 25-31 2.0.0 >400 >400 
4 31-36 9.0 >400 >400 
5 36-55 9.0 310 >400 
6 55-80 17.5 88 >400 
9-1 0-7 20.0 >400 >400 
2 7-13 2.0 88 236 
3 13-21 5.7 113 230 
4 21-36 8.0 75 218 
5 36- 50 3.7 65 2,08 
6 50-60 3.0 85 252 
7 60-80 6.2 139 326 
10-1 0-8 75.0 >400 >400 
2 8-20 63.0 >400 >400 
3 20-33 35.0 >400 >400 
4 33-50 2 8 . 0  >400 >400 
5 50-75 18.5 369 >400 
11-1 0-8 12.5 284 364 
2 11-18 2.0 86 236 
3 18-30 5.8 83 222 
4 30-43 7.8 106 264 
5 43-60 9.5 91 244 
6 60-95 8.2 94 236 
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Table 6. (Continued) 
Available 
Profile and Depth, Phosphorus Potassium Potassium 
sample no. inches (lbs./acre) (lbs./acre) (lbs./acre) 
12-1 0-7 3.6 289 364 
2 7-18 0.5 72 226 
3 18-30 0 . 8  . 56 200 
4 30-44 0.5 68 210 
5 44-60 1.2 72 226 
6 60-85 3 . 5  123 344 
7 85-110 7 . 0  151 >400 
13-1 0-12 0.8 90 194 
2 12-26 0.5 73 216 
3 26-44 1.0 64 194 
4 44-58 1.0 75 212 
5 58-85 3 . 2  206 318 
6 85-115 2 . 2  213 294 
14-1 0-8 3.5 >400 >400 
2 8-20 4.2 123 222 
3 20-32 4.0 135 188 
4 32-45 2.0 117 210 
5 45-56 3 . 2  63 208 
6 56-75 4.5 61 200 
7 75-90 6.0 92 216 
15-1 0-10 23,0 266 368 
2 13-19 2 . 8  146 362 
3 21-28 7.0 99 254 
4 31-44 0.5 60 194 
5 44-70 0.5 105 276 
6 70-112 1.0 208 >400 
16-1 0-7 10.8 216 278 
2 7-19 3.0 100 224 
3 19-29 2.0 83 240 
4 29-41 1.8 87 254 
5 41-58 8.0 91 280 
6 58-80 5. 5 151 370 
7 80-100 6 . 8  132 380 
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Table 6. (Continued) 
Available 
Profile and Depth, Phosphorus Potassium Potassium-
sample no. inches (lbs./acre) (lbs./acre) (lbs./acre; 
17-1 0-12 17.5 102 252 
2 12-24 11.5 65 260 
3 24-38 2 0 . 0  68 275 
4 38-52 25.5 87 360 
5 52-67 23.0 110 384 
18-1 0-13 2 2 . 0  >400 >400 
2 13-25 3.2 137 2.40 
3 25-40 1.8 148 244 
4 40-52 4 . 2  141 236 
5 52-65 6.8 196 252 
6 65-80 7.0 270 268 
7 80-115 4.0 323 374 
